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Introduction 


Sue V. Rosser 


Both gender and science represent pervasive, powerful, and determining fac¬ 
tors in 21st-century U.S. society, just as they do in most countries today and 
have in most cultures since antiquity. A number of myths and beliefs surround 
both gender and science. 

Everyone has a gender. Typically the first question asked about a healthy 
baby when born is the sex, assuming that the parents don’t know this already 
from prenatal tests. One of the myths is that biological sex determines gender. 
As the entry in this volume on sex/gender describes, it need not do so, since 
many opportunities occur for disconnections between sex and gender. Be¬ 
cause biological sex typically correlates with gender roles, expectations, and 
stereotypes in the particular culture, the response to this question sets off 
a series of reactions and behaviors in parents, relatives, friends, health care 
workers, and others to the newborn baby. 

If the baby is a girl, in addition to receiving a pink cap and diapers with 
different reinforced padding than that given to boys, the adults will talk more 
to her and describe her as smaller with finer features than they would the 
same baby if told he was a boy. These responses suggest the initiation of a 
series of behaviors, expectations, and stereotypes that will determine parame¬ 
ters and norms for whom that baby is likely to marry, what career she is more 
likely to have, and a probable series of other likes, interests, and outcomes 
for her life. If the baby is a boy, he’ll be described as larger, be talked to less, 
and be given more visual stimulation. The adults will also anticipate gender 
determinations based on his sex such as falling in love with a woman and 
being more likely to become an engineer than a nurse. These determinations 
result from the beliefs that masculinity and femininity are associated with par¬ 
ticular roles and behaviors in a particular culture, time, or society. 

Just as everyone has a gender that exerts a powerful influence in deter¬ 
mining social behaviors, career choice, and choice of life partner, science also 
exerts a powerful and determining influence on most people’s lives. In our so¬ 
ciety, for most people, science provides the explanation for why the physical 
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world operates as it does, causes of health and disease in the human body, 
and even for much psychological and social behavior. Because we believe 
that science accurately explains and helps us to negotiate our world, we may 
change our behavior because we trust the results of scientific research. For 
example, many people stopped smoking when the scientific evidence demon¬ 
strated a link correlating smoking with lung cancer and other diseases. Be¬ 
cause most people now believe the mounting evidence for global warming, 
U.S. consumers have begun to push for fuel efficiency and alternatives to 
fossil fuels. 

Myths and beliefs also represent powerful forces held by everyone that 
partially determine their behavior. The dictionary defines myth first as a tra¬ 
ditional story focusing on the deeds of gods or heroes, often in explaining 
some natural phenomenon such as the origin of the sun; the fifth definition 
states that myth is a false opinion, belief, or idea. The definition of belief over¬ 
laps with that of myth. The first definition, “acceptance of the truth or actuality 
of anything without certain proof,” is followed by “something held to be true 
or actual.” Belief denotes “acceptance with or without proof or strong emo¬ 
tional feelings.” 

Women, Science, and Myth: Gender Beliefs from Antiquity to the Present 
explores the interactions between gender and scientific research both over 
time and in relationship to particular topics or themes. The first section of the 
volume uses a chronological historical approach; the second examines gen¬ 
der and science thematically. 


Chronological Section: Changes in Myths of Gender over Time 

Myths and beliefs about gender expectations and stereotypes have changed 
over time and vary today in different cultures. In the 18th-century United States, 
most secretaries were men; today most secretaries are women. As pointed 
out in “Gender and Occupational Interests,” in the 1960s in the former Soviet 
Union, most physicians were women, while in the United States at that time, 
most physicians were men. Today, less than 50 years later in the United States, 
50 percent of medical students are women. As discussed in “Gender/Sex— 
How Conjoined,” although the association of gender with particular occupa¬ 
tions and stereotypes of characteristics attributed to each gender may differ 
among cultures, one universal constant remains: whatever men do holds higher 
value and prestige in a particular culture, although what they do in that cul¬ 
ture may be done by women and associated with lower pay and prestige in 
another culture. 

Myths and beliefs about science have also changed over time and differ 
somewhat today in various cultures. Before Galileo, people believed that the 
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earth was the center of the universe and that the sun revolved around it. Ar¬ 
istotle believed that women were “weaker and colder than men.” As described 
in “Antiquity,” “According to Aristotle, femaleness should be considered ‘a 
deformity, though one which occurs in the ordinary course of nature.’ From 
the very beginning, he explains, males and females develop differently. Al¬ 
though while in the womb the female takes longer to develop than the male, 
the process reverses after the child is born. Everything is speeded up in the 
female—she reaches puberty, maturity, and old age sooner” (Aristotle, De 
generatione animalium I. 20728a 18-29; 4.6775a 13-15). 

Myths and beliefs also surround gender and science, both historically and 
today. One of the most persistent beliefs is that only men can be scientists. 
As Caroline Herzenberg points out in “Medieval Era,” in the Middle Ages sci¬ 
ence was not a profession as we think of it today. Educated members of the 
upper class held most scientific knowledge and undertook most experiments. 
Since very few women had access to education, they did not become scien¬ 
tists. Because the Christian Church played a central role in scholarly activities, 
including science, some nuns practiced medicine; Abbess Elildegaard of Bin¬ 
gen also wrote significant scientific treatises on cosmology, botany, medicine, 
and natural history. 

As Cindy Klestinec underlines in “Renaissance,” Francis Bacon laid the 
architecture for early modern science. Bacon rejected the excessive reliance 
on the works of the ancients, proposing observation and experimentation as 
means to scientific knowledge. Although he ridiculed the Church’s emphasis 
on scholasticism, he retained its views on the subordinate position of women. 
Women did not even qualify as witnesses able to validate scientific experi¬ 
ments, let alone as experimenters. 

In “The 18th Century,” as Marilyn Ogilvie emphasizes, this notion that only 
men could be scientists was reinforced by the belief that men and women 
had radically different natures. Women who did receive an education in the 
18th century, either at home or in boarding schools, followed curricula that 
emphasized music and fine arts, reflecting the belief that their nature differed 
from the male nature; males were taught a curriculum that included science. 

As Narin Hassan points out in “The 19th Century,” Romanticism challenged 
the more mechanical notions of science but did not lead to substantial in¬ 
creases in women’s participation in scientific fields. In “Women’s Education,” 
Amy Bix suggests that women did not begin to receive educations in science 
until the women’s colleges and public land-grant institutions were established 
in the late 19th century in the United States, although most were encouraged 
to pursue nonscientific courses of study. 

The entries “Early 20th Century” and “Discrimination” underline the strug¬ 
gles of women to become scientists and to have their work accepted by 
their male colleagues as valid science. Today, as described in “Gender and 
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Occupational Interests,” women have reached parity in degree attainment 
only in some of the social sciences and in the biological or life sciences. In 
computer science, engineering, and some of the physical sciences, women 
receive less than one quarter of the degrees. Despite increases in women’s 
degrees, educational attainment for women has not translated into equal 
employment opportunities for women scientists in government, industry, or 
academia. A dearth of women scientists persists, particularly in powerful lead¬ 
ership and decision-making positions in all sectors. 

Why does the myth or belief persist that women shouldn’t be scientists? Is 
it discrimination, historical legacy, biological difference, or choice? An equally 
interesting question is, As most scientists are men, what impact does this have 
on the kind of science produced? Evelyn Fox Keller asked, Does gender mat¬ 
ter for science? (Keller 1985). 


Does Gender Matter for Science? 

As outlined by Chris Cuomo in “Critiques of Science,” the scientific method 
emphasizes objectivity, autonomy, and distance of observer from the object of 
study. Keller (1985) used object relations theory to explain that having women 
as primary caretakers for most children in our society may result in the en¬ 
couragement of more boys to be separate, distant, and autonomous from the 
female caretaker from whom the boys are distinguishing their gender identity, 
compared to girls who are permitted to remain closer and more dependent. 
More males than females will feel comfortable with scientific approaches and 
careers because of this socialization; the science they create will in turn reflect 
those same characteristics of objectivity, autonomy, and separation. 

Engineering represents a significant example of the conjoining of masculin¬ 
ity with technology. As Amy Bix points out in “Technology,” the military, until 
recently, included only men, and men built roads and bridges and developed 
much technology; therefore, engineering, the military, and masculinity be¬ 
came tightly conjoined. 

Equally frequently, science and technology have been used to explain gen¬ 
der differences. This volume illustrates that the scientific explanations of 
gender differences have changed over time. For example, Aristotle described 
women as intellectually inferior and attributed this inferiority to their colder 
nature. In the 19th century, the “science” of craniometry emerged. Cranio- 
metric measurements uncovered differences in overall size and particular parts 
of the brain considered the seat of intelligence between men and women and 
between White and non-White men. These differences justified the superior 
position of White men over all women and men of other races. Today, neuro¬ 
scientists use fMRI to reveal the degree of lateralization and functional speci- 
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ficity of differences between men’s and women’s brains. As “The Brain” and 
“Nature/Nurture” emphasize, these gender differences are assumed to result 
from genetic and hormonal differences between males and females rather than 
from environmental effects. 


Co-Evolution of Myths of Gender and Science 

Scientific beliefs about gender differences have changed over time, just as 
beliefs about women as scientists have changed. The chronological arrange¬ 
ment of the first part of this encyclopedia charts the co-evolution of the myths 
and beliefs of gender and scientific research from antiquity through the 20th 
century. These myths and beliefs have co-evolved because changes in beliefs 
about women and gender roles might affect the expression of scientific the¬ 
ories in a particular era. In Gender and Boyle’s Law of Gases (2001), Elizabeth 
Potter showed that Boyle’s conservative political and religious beliefs, includ¬ 
ing his notions of gender, influenced his choice of theoretical model to ex¬ 
plain his law of gases. Potter recreates the historical period of the civil war 
that raged in England in the 1640s during which Boyle conceived his law 
and undertook his experiments. At this time, radicals threatened not only the 
absolute monarchy and decision-making authority and wealth of the king, 
Church, and upper classes but also of men. The petitions presented by women 
claimed political equality with men and led to the establishment of civil mar¬ 
riage. Potter claims that Boyle, an upper-class male, was personally threatened 
by and opposed to the radicals; therefore, he rejected the animism that he 
saw as linked with radicalism. He chose the mechanistic model because (1) it 
comported well with the data and (2) it supported proper religion, monarchy, 
and the status quo with regard to class and gender. The same data could have 
been used to support an alternative law offered by Boyle’s contemporary 
Franciscus Linus. Boyle did not clearly refute Linus’s hypothesis on method¬ 
ological or experimental grounds. 

Just as beliefs about gender may influence scientific theories or interpre¬ 
tations of data, a new scientific approach, tool, or technique might reveal new 
information that destroys a particular myth or belief about gender. For exam¬ 
ple, with several thousand years of distance, most scientists admit that Aris¬ 
totle’s experiments, in which he counted fewer teeth in the mouths of women 
than men, were biased by views that women are inferior to men (Arditti 1980). 
Although not a Christian himself, Galen incorporated the Judeo-Christian cre¬ 
ation belief into his science of anatomy. He claimed that men had one less rib 
on one side than the other since a rib had been used to create Eve. This anatom¬ 
ical inaccuracy was perpetuated throughout the Dark Ages and was not cor¬ 
rected until the early Renaissance when dissection of bodies was permitted. 
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The numerous examples of co-evolution of myths and beliefs of gender 
and scientific research over time reveal one constant. Each of the six chrono¬ 
logical periods in the first section of the volume documents that myths and 
beliefs about gender prevented women from full participation in science and 
that scientific research served as a significant source to explain gender differ¬ 
ences. Although the particular myths and beliefs about gender and the par¬ 
ticular scientific research used to buttress those myths and beliefs has changed 
over time, the emphasis on gender differences and the use of science to sup¬ 
port those differences and exclude women has not. 


Thematic Section: Concepts of Gender in Different Contexts 

The second part of the volume uses a different approach to explore gender 
and myths and beliefs of scientific research. Instead of focusing on a chrono¬ 
logical period, each entry centers on a particular theme, subject, discipline, or 
perspective to explore and compare myths of gender and scientific research 
across time periods and in different contexts. 


Disciplines 

Scientific disciplines have emerged at different times, typically branching from 
a previously established discipline when sufficient new information or ap¬ 
proaches developed that warranted distinction as a separate discipline. As 
Barbara Whitten points out in “Physics/Astronomy,” physics emerged as a 
discipline distinct from mathematics in the 17th century with Newton’s pub¬ 
lication of Principia Mathematica, while computer science did not separate 
from mathematics until the 20th century. Each of the science disciplines has 
a somewhat different relationship to myths and beliefs of gender that varies 
based on the time and social/cultural context in which the discipline became 
established and the content of the discipline. The participation of women as 
scientists/practitioners also varies significantly among disciplines. For example, 
as Barbara Whitten shows in “Physics/Astronomy,” at the time physics be¬ 
came established as a separate discipline in 1686 , women did not participate 
in science. Although Emilie du Chatelet translated Newton’s work and helped 
to reconcile Newton’s and Leibniz’s versions of mechanics in the early 18th 
century, in the 21st century, just over 20 percent of U.S. undergraduate de¬ 
grees in physics go to women (National Science Foundation 2004); less than 
10 percent of physicists in the United States are women, although in France, 
the proportion is 27 percent (Hartline and Li 2002). 
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The content of physics, mathematics, astronomy, computer science, and 
even chemistry does not include gender or gender differences since these 
subjects focus on the properties of physical, nonliving aspects of the world. 
However, as Keller suggested, the extremely large proportion of men in these 
disciplines may be reflected in their choice of questions asked, approaches to 
data collection, analysis, and theories and conclusions drawn from the data. 
Masculinity may have become synonymous with good science in those fields. 
Alternative approaches might have been rejected by the scientific community 
since men dominated the discipline and did not perceive their masculine bias. 
Prevailing notions of gender may also have influenced the specific theoretical 
explanations proposed and accepted at a particular time, as Potter illustrated 
in the case of Boyle’s Law. 

More women scientists populate the disciplines that focus on life and par¬ 
ticularly on humans. Although discrimination, quotas, and gender stereotypes 
prevented women from entering medicine, biology, and psychology in the 
past, women now receive half of the degrees in the life sciences and over 70 
percent of the degrees in psychology. A predominant feature that stands out 
in the many studies exploring what attracts women to become scientists is 
that women especially want to study living beings and to use science to help 
people (Rosser 1997). Because of their focus on living beings, biology, health, 
medicine, and psychology also constitute the disciplines from which much 
of the scientific research emanates that is used to support myths and beliefs 
of gender. The 19th-century “science” of craniometry provided data on differ¬ 
ences in size of different parts of male and female brains just as fMRIs and 
brain lateralization studies are used in the 21st century to explain gender dif¬ 
ferences in visuospatial abilities, aggression, and depression. 


Aspects of Human Biology and Behavior 

A significant portion of the second part of the volume explores the evolution 
of myths of gender and scientific research about specific aspects of human 
biology, behaviors, or abilities over time. In “Nature/Nurture,” Muriel Leder- 
man underlines a theme that reverberates in entries on biological topics rang¬ 
ing from endocrinology/hormones, menstruation/menopause, through the 
brain to race and gender/sex: scientific research has often been used to “prove” 
or overstate the case for the effects of anatomy, hormones, or genes as the 
basis for gender and racial differences in behaviors and abilities that may be 
environmentally determined or strongly influenced. For example, in “Gender/ 
Sex—How Conjoined,” I document that even in something as fundamental as 
sex/gender determination, environmental factors may play a role. Although 
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genetic sex of XX usually is correlated with female internal and external gen¬ 
italia, several conditions such as congenital adrenal hyperplasia (CAH) can 
interfere with this biologically determined path, resulting in female internal 
genitalia but male external genitalia, while androgen insensitivity results in 
genetic males (XY) with testes but female external genitalia. 

In a similar fashion, throughout history, scientists have searched for bio¬ 
logical bases as the causes for gender differences in mental illness, personality 
types, and cognitive abilities. As Susan Nolan underlines in “Mental Illness,” 
although gender differences exist in higher rates of some mental illnesses such 
as depression, anxiety, and eating disorders in women and substance abuse 
in men, it becomes difficult to disentangle the substantial contribution of en¬ 
vironmental influences to the illness. For example, for many women, depres¬ 
sion may result as much from their realization of their poor economic and 
social position in a society where a woman earns $.59 for every dollar earned 
by a man and where wealth and salary earned have as significant an impact 
upon prestige, power, and position as does biology. The current emphasis 
on neuroscience and brain chemistry has pushed research on behaviors and 
abilities further toward biological determinism; biological causes rather than 
environmental forces are sought increasingly to explain gender and racial 
differences in occupational choices and cognitive abilities as well as sexual 
orientation. 


Institutions 

Institutions serve as a primary means through which disciplines build their 
boundaries, form group identities, and transmit knowledge. Educational in¬ 
stitutions become the site where research generates new knowledge and 
where education is transmitted to the next generation. At the university and 
sometimes even in high school, departments correspond to the disciplines, 
so that individuals major in physics, chemistry, mathematics, or psychol¬ 
ogy. In the United States the government shapes much of scientific re¬ 
search through agendas and funding. It also carries out substantial research 
through the national laboratories, National Institutes of Health (NIH), and 
agencies such as the National Aeronautics and Space Administration 
(NASA). Corporations conduct some basic research and substantial amounts 
of applied research, technology transfer, and product development. Profes¬ 
sional societies decide what constitutes a profession and who can be mem¬ 
bers of that profession. Most of the scientific professional societies form 
around disciplines, such as the American Chemical Society (ACS), aggregates 
of scientific disciplines such as the American Association for the Advance- 
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ment of Science (AAAS), or subdisciplines such the Society for Molecular 
Biology. 

Less clear than the role institutions play in scientific research is their role 
with regard to gender. Through advising and teaching, faculty and staff in ed¬ 
ucational institutions may transmit gender stereotypes and/or direct students 
toward particular disciplines or majors. At coeducational institutions, physics 
and engineering become stereotyped as male majors; psychology and English 
as female majors. 

Government policies and funding in the United States have directly or in¬ 
directly influenced numbers of women in particular scientific disciplines. For 
example, until recently, the all-male draft and the requirement that most pilots 
have military flight experience epitomized the conjoining of the military with 
engineering, keeping many women out of engineering, especially aerospace 
engineering. In contrast, as Daryl Chubin outlines in “Federal Agencies,” the 
programs to attract women to science, especially those funded by the Na¬ 
tional Science Foundation (NSF), have provided positive incentives to both 
individuals and educational institutions to increase numbers of women sci¬ 
entists. Similar programs funded by corporations encourage women scientists 
to enter industry. Currently, as Cecilia Marzabadi documents in “Chemistry,” 
in some disciplines such as chemistry, women scientists view industry as more 
female friendly than academia. 

Historically, professional societies have served as particularly severe gate¬ 
keepers of gender and science. In Europe, women were not permitted to 
be members of the societies where scientific work and experimental results 
were presented, verified, published, and rewarded. The first female members 
of the Royal Society in England were not elected until after World War II. 
Neither Marie Curie nor her daughter Irene Joliot-Curie became members 
of the French Academy of Sciences, despite repeated nominations (Tang 
2006). Although women are no longer strictly prohibited from becoming 
members of scientific societies, the small percentages of women admitted to 
the most prestigious societies and the few women receiving major awards 
suggest that the professional societies continue to play a significant role in 
supporting the belief that women do not do scientific research that ranks on 
a par with that done by men. In 2007, only nine of 72 members elected to 
the National Academy of Sciences were women, making the total percentage 
around 10 percent (Brainard 2007). In “Nobel Laureates,” Joyce Tang docu¬ 
ments that since its inception in 1901, 4 percent (33 of 768) of Nobel Prizes 
in all areas have gone to women. She details the lives of the 11 women who 
have won the Nobel Prize in science or medicine; she also discusses the sig¬ 
nificant issue of why so few women have won this prestigious professional 
award. 
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Discrimination 

Discrimination against women scientists and the use of scientific research to 
provide justification for women’s inferiority become threads that run through 
many of the entries. In addition, “Nobel Laureates” and “Discrimination” as well 
as the entries on education, government, industry, and women as leaders 
document active or covert discrimination against women scientists. Although 
discrimination does not serve as the primary focus for either the chronological 
essays or for the entries devoted to disciplines, it emerges in most of those 
entries as an underlying theme. 


Other Perspectives on Gender and Myths and Beliefs in 
Scientific Research 

In some senses, discrimination might be viewed as a perspective on gender 
and myths and beliefs in scientific research. Gender discrimination implies 
that women have not received equal access, opportunity, or treatment either 
as scientists or in scientific research compared to men. Notions of equity as 
a corrective to discrimination emanate from the perspective of universalism, 
associated with the Enlightenment and liberalism. This encyclopedia concludes 
with a series of entries that provide critiques of gender and myths and beliefs 
of scientific research from a variety of perspectives. Chris Cuomo, in “Critiques 
of Science,” provides a philosopher’s critiques of concepts such as universal¬ 
ism, positivism, and objectivity that underpin scientific research, particularly 
with regard to gender. “Race, Postcolonial Gender, and Science” and “Marxism/ 
Socialism and Feminism/Gender” suggest where race-based and class-based 
critiques overlap and differ from gender-based critiques of scientific research. 
“Science Fiction” by Lisa Yasek provides insights of alternatives to currently 
held myths of gender and scientific research from the world of fiction. 

Because feminism and feminists place women and gender at the center of 
their critiques and approaches, the impact of feminism on diverse science 
disciplines provides insights into future directions for gender and myths of 
scientific research. Feminist biologists and primatologists have revealed both 
the biases that emanate when females are excluded from research and the 
expansion of theories and conclusions that can be reached when females are 
included in research. Ecofeminists and cyberfeminists have documented de¬ 
structive impacts of male dominance on both the natural and virtual environ¬ 
ments and feminist visions that would ultimately lead to better lives for men 
and women in both environments. 

Feminist historians of science reveal the patterns over time in the co¬ 
evolution of the myths and beliefs surrounding women as scientists and of 
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the scientific research on gender. Feminist science studies use all the perspec¬ 
tives, combining class, race, postcolonial orientations, and varieties of femi¬ 
nist approaches to expose the myths and beliefs that support the scientific 
research in relationship to the social structures in modern culture. 

In some sense, the entries on perspectives, particularly Mary Wyer’s “Fem¬ 
inist Science Studies,” might be read as the 21st-century chronological entry. 
Just as myths and beliefs of gender and scientific research co-evolved in prior 
centuries and eras, in this century, gender and scientific research interact to 
produce cultural and societal beliefs about what constitute both science and 
gender. This volume explores these historical and thematic interactions of gen¬ 
der myths and beliefs in scientific research. 
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Antiquity 


Marilyn Ogilvie 


Since cultures are not homogeneous, it is impossible to generalize about the 
contributions of women in science, technology, and medicine in antiquity. 
However, some cultures and chronological periods were more friendly than 
others to the activities of women in the scientific enterprise. Although women 
are seldom mentioned as engaging in scientific work, it is possible to select 
representative protoscientific or scientific cultures and describe how the rare 
woman whose name is mentioned fits into the contemporary scientific enter¬ 
prise. However, the apparent absence of women scientists in a specific culture 
does not necessarily mean that women did not engage in scientific activities. 
Because of the paucity of reliable sources, it is almost impossible to ensure 
that information about early science is trustworthy. The material that is avail¬ 
able suggests that there are two ways by which we can learn about the con¬ 
tributions of women to the scientific endeavor in antiquity, neither of which 
is totally satisfactory. The first includes contextual extrapolation from what is 
known, or assumed, about the social and cultural milieu in which a person 
or event exists. The second involves fragmentary descriptions of events or 
people in classical sources of different genres. An additional caveat should be 
mentioned. Many accounts of women in antiquity can be traced to a single 
secondary source, and all subsequent secondary accounts are based on the 
earliest account. 

The societies of Mesopotamia and Egypt illustrate the contextual approach. 
Both produced two tools of science: writing and mathematics, developed as 
responses to specific practical problems. Although direct evidence is lacking, 
the social structure of Mesopotamia was such that the participation of women 
in these activities was unlikely. The great legal code of Hammurabi (fl. 1792- 
1750 BC) pronounced a girl the legal property of her father until sold to her 
husband—hardly a hospitable situation for encouraging a woman to produce 
science. A different situation existed in Egypt where women traditionally owned 
property, and it was the mother’s name that was listed in genealogies. Even af¬ 
ter the Semitic influence of the 19th Dynasty strengthened patriarchal societal 
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elements, the woman’s right to property persisted until later. Among her other 
qualities, the goddess Isis was honored as the greatest of physicians whose 
medical disciples were often women. Isis’s qualities trickled down to other 
women, many of whom were literate. In this society, women were allowed 
to attend either medical school with men or their exclusively female school 
at Sais, which specialized in obstetrics and gynecology. Although there is no 
direct evidence that Egyptian women participated in other areas important to 
science, the high level of education that Egyptian women physicians received 
suggests that this society was one in which women might have been able to 
participate in the science of the time. 

Equality with men is not necessarily a condition for the development of 
science among women. If this were the case, the city-state of Sparta, with its 
liberal attitude toward women’s rights, should have produced women scien¬ 
tists. The Spartan lawgiver, Lycurgus (ninth century BC) suggested that women 
should be encouraged to engage in all of the physical sports of men such as 
wrestling and throwing the javelin. However, the reason for the strenuous ac¬ 
tivity was to prepare women for the rigors of childbirth. Spartan culture was 
lacking in scientific thinkers of either sex. In contrast to Sparta, the city-state 
of Athens did not pretend to allow women the same rights as men for any 
reason. The great Athenian statesman, Pericles (ca. 495-429 BC), considered 
the ideal woman one who is never talked about for any reason by men 
(Thucydides History of the Peloponnesian War 2.45). However, Socrates (ca. 
470-399 BC) disagreed with Pericles’ view of women, and it is through the 
work of his distinguished disciple Plato that we are able to glimpse his ideas 
on the role of women in society (Ogilvie 1986). 


Plato (ca. 428-348/347 BC) 

Although not a scientist himself, Plato had an extraordinary influence on sci¬ 
ence. Born at the end of the Periclean Age, Plato was in his late twenties 
when his friend and mentor, Socrates, was executed. According to legend, 
he prudently left town for 12 years of travel. In about 387 BC, he returned to 
Athens and began to teach. He established a school on a piece of ground 
that was associated with the hero Academus; thus the school was known 
as the Academy. At the Academy, Plato taught that a reality exists beyond the 
objects we observe. The objects of our senses are merely imperfect copies of 
an ideal reality that exists in a suprasensible world of forms or ideas. In Book 
VII of the Republic, he states that the true value of astronomy is found in its 
ability to direct the attention of the soul not to any visible objects but to in¬ 
visible realities. The ideas are the reality. Even though Plato knew that the 
senses could not be trusted, he realized that he possessed an instrument by 
which he could examine the world in the most minute detail—his mind. 
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Plato not only used his mind to assess the nature of the universe but he 
also used it to visualize the ideal state. Always looking beyond the obvious, 
he reasoned that the guardians of the ideal state and their wives should have 
similar educations. In the Republic, Plato’s mouthpiece Socrates argues with 
those who think that men and women have radically different natures and 
consequently should receive different educations. He insisted that no differ¬ 
ence in the intellectual natures of men and women had been demonstrated. 
If either male or female is superior in any “art or pursuit,” then the task should 
be assigned to the most fit. However, if both men and women are equally 
capable of pursuing a given task, they should both be educated to perform 
it. Using an analogy from the animal kingdom, Socrates points to animal so¬ 
cieties to justify the equal education of boys and girls. He asks, Are dogs “di¬ 
vided into hes and shes” or do they share equally in “hunting and in keeping 
watch and in the other duties of dogs?” Do only the males care for the flocks 
while the females remain at home “under the idea that the bearing and suck¬ 
ling of their puppies is labor enough for them”? Extrapolating to humans, 
Socrates concludes that if women are to share the responsibilities of the state 
with men, they must have the same “nurture and education” (Plato Republic 
5.3.451). Given Plato’s ideas about the importance of educating women in the 
ideal state, it is reasonable to accept the statements by Diogenes Laertius that 
Plato had two female disciples who dressed as men in their role as his stu¬ 
dents. These two women were Axiothea of Phlius (fl. 350 BC) and Lasthenia 
of Mantinea (fifth century BC). Although we know nothing about their actual 
contributions, it was significant that women, whether actually or apocryphally, 
were considered a part of the entourage of Plato, one of the most significant 
contributors to the form of modern science. Societies and individuals who 
accepted Plato’s view of the importance of educating women were much more 
apt to produce women scientists than those who followed the views of Plato’s 
student Aristotle (Ogilvie 1986). 


Aristotle (384-322 BC) 

Like Plato, Aristotle was a philosopher but, unlike Plato, he was also a scientist 
and codifier of scientific knowledge. He left behind an enormous body of 
written material covering a wide range of knowledge, including scientific 
knowledge. From Plato, Aristotle absorbed the importance of discerning the 
nature of reality. Unlike Plato, he did not find reality in the concepts or the 
ideals but in the objects of the senses. This is not to say that concepts were 
unimportant to him, but he emphasized the reality of both phenomena and 
the objects of the world more than had Plato. 

Aristotle had little patience with Plato’s ideas about women. He wrote in 
the Politics that the inequality between the sexes is permanent. By his very 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


6 Women, Science, and Myth 


nature the man is more fit to command and the woman to obey. The source 
of female passivity was biological, for “the female, in fact, is female on account 
of inability of a sort, viz., it lacks the power to concoct semen.” According to 
Aristotle, femaleness should be considered “a deformity, though one which 
occurs in the ordinary course of nature.” From the very beginning, he explains, 
males and females develop differently. Although while in the womb the female 
takes longer to develop than the male, the process reverses after the child is 
born. Everything is speeded up in the female—she reaches puberty, maturity, 
and old age sooner because females are “weaker and colder in their nature” 
(Aristotle Degeneratione animalium 1.20.728a. 18-29, 4.6.775a.13-15). Aristo¬ 
tle’s ideas dominated much of the thinking about women during subsequent 
periods. Clearly, it would be surprising to find women scientists among those 
who accepted Aristotle’s ideas (Pomeroy 1975; Horowitz 1976; Ogilvie 1986). 


Early Women in Medicine 

From the earliest times, women have been involved in the healing professions. 
Names of specific women have come down to us in references from classical 
authors. Little is known of them, and the information that we have may be 
apocryphal. However, in antiquity, it was important for women to be healers 
and have expertise in the medical arts. 


Agamede (12th century BC) 

One of the first reports appears in Homer’s Iliad, which describes an early 
Greek physician, Agamede, who lived before the Trojan War “when the 
Pylians and th’ Epeans met.” This epic identifies her as the “yellow-hair’d” 
eldest daughter of Augeas, king of the Epeans in Elis, the son of Helios whose 
husband was the “bold spearman, Mulius,” killed by Nestor in battle. Myth and 
reality merge in the Iliad; however, the statement that a woman was skilled 
in the use of plants for healing purposes and that she “all the virtues knew 
of each medicinal herb the wide world grows” indicates the existence of a 
specific woman with knowledge of the medicinal properties of plants (Homer 
Iliad 11.740). 


Agnodike (last third of fourth century BC) 

Agnodike, according to the Fabulae of Hyginus, was an Athenian maiden 
who disguised herself as a man and studied under the physician Herophilus. 
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In Athens during the fourth century BC, slaves and free-born Athenian women 
were forbidden to practice medicine. As their modesty kept them from con¬ 
sulting male physicians, many of them died in childbirth and from “private 
diseases” because of these restrictions. Agnodike, attempting to help a woman 
in labor, was thrust aside by the patient until Agnodike assured her that she 
too was a woman. For transgressing the law she was tried and convicted by 
the Aereopagus. Throngs of women protested her conviction, and the judge 
recanted his former position, replacing the old law with one that allowed 
women to practice medicine on their own sex; it even gave stipends to those 
who “did it well and carefully” (Hyginus Fabulae 274.25-35). 


Elephantis (first century BC) 

Pliny the Elder in his Natural History reported on the contributions of several 
women physicians. However, his accounts cannot be accepted uncondition¬ 
ally. For example, the woman Elephantis was mentioned by both Galen and 
Pliny as a physician. However, the name Elephantis was used commonly in 
classical times by the hetaerae who often adopted animal names. It is possible 
that the Elephantis mentioned by Galen and Pliny was a courtesan and also 
may be a blend of two or more people of the same name. Galen noted her 
ability to cure baldness and Pliny her skills as a midwife. Pliny also discussed 
a conflict that she had with another midwife, Laus. 

Laus (first or second century BC) 

Laus’s work was also described by Pliny the Elder, the only source for her 
practice of medicine. Laus developed treatments for rabies and “intermittent 
fevers” (malaria), which could be “cured by the flux on wool from a black 
ram enclosed in a silver bracelet” (Pliny 28.23.80-82). He notes that she and 
Elephantis disagreed about abortives. The two physicians also clashed about 
the effect of eating grains of barley contaminated with menstrual blood. One 
said that this process produced fertility whereas the other claimed it caused 
barrenness. Pliny concluded that it is best not to believe either of them. 


So/pe (first century BC) 

Pliny the Elder is the single source for our knowledge of the Greek midwife 
Salpe. Saliva and urine were Salpe’s favorite remedies for numerous disorders. 
Saliva could restore sensation to a numbed limb if one would spit “into the 
bosom or if the upper eyelids are touched by saliva.” Weak eyes could be 
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strengthened by an application of urine. Urine was also helpful for sunburn, 
particularly if mixed with the white of an egg (preferably of an ostrich) and 
rubbed on the skin. As had Laus, Salpe suggested remedies for rabies and 
malaria. Since we are forced to rely on Pliny for knowledge of Salpe’s “sci¬ 
entific” accomplishments, it is difficult to ascertain whether she had other ideas 
more acceptable to modern readers. We do know that she was a midwife and 
must have had practical skills. 

Metrodora (first or second century BC) 

Even less is known about Metrodora than other early midwives, although the 
potential to learn more is present in an extant manuscript in Florence entitled 
Extracts from the Works of Metrodora Concerning the Diseases of Women. Ac¬ 
cording to Pauly, it consists of 263 leaves of parchment. 

Olympias (first century BC) 

Olympias of Thebes was a practicing midwife who wrote of her experiences. 
There is evidence that the herbalist Dioscorides (b. ca. AD 20) knew of her 
work. Pliny the Elder reported that Olympias could cause abortions by mixing 
mallows with goose grease and cure barrenness by bull’s gall, serpents’ fat, 
copper, rust, and honey “rubbed on the parts before intercourse.” 

Sotira (first century BC) 

According to Pliny the Elder, Sotira was able to affect marvelous cures. She 
may be the author of a manuscript, Gynaecia, found in Florence. 

Saint Nicerata (fourth century AD) 

The Christian martyr, physician Saint Nicerata, reputedly cured Saint John 
Crysostom of a stomach ailment. Nothing else is known about her medical 
contributions, but she is representative of a class of Christian women who 
took care of the medical needs of the poor. 

Saint Theodosius (fifth century AD) 

Numerous female Christian saints and nuns are known for their medicinal 
skill s . Saint Theodosius, a Christian martyr who practiced medicine in Rome 
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and was killed during the persecutions of Diocletian, represents this group 
of female physicians. 


Fabioia (d. 399 AD) 

Fabiola was the daughter of a patrician Roman family. When she was 20 years 
old she converted to Christianity and became one of the 15 followers of Saint 
Jerome who practiced medicine and offered their services free to the indigent. 


Aspasia (first century AD) 

The confusion between two Aspasias indicates the difficulty in understanding 
the women of antiquity. Aspasia, the celebrated hetaera of Pericles, is often 
conflated with Aspasia, the physician who lived in the first centuries of the 
Common Era. The hetaera Aspasia often appears as the physician and the 
physician Aspasia as the hetaera. 


Aspasia the Physician (first century AD) 

Although nothing is recorded about Aspasia’s life, fragments cited by a physi¬ 
cian to an emperor of Byzantium indicate that she was a physician whose 
major medical contributions were in the areas of obstetrics and gynecology. 
Her contributions were practical, not theoretical. She apparently developed 
an important technique for rotating the fetus in a breech presentation. Her 
discussion of preventive medicine during pregnancy was based on a common- 
sense approach, not on the consideration of an abstract principle. 


Aspasia of Miletus (d. ca. 401 BC) 

Athenian men who found their dutiful spouses insufficiently entertaining and 
inadequately informed frequently turned to foreign women called hetaerae 
(companions). These women, often Ionians, occupied a position between 
that of an Athenian lady and that of a prostitute. It was from these ranks that 
Pericles found the educated Milesian Aspasia. She reputedly influenced men 
such as Plato, Xenophon, Cicero, and Plutarch and apparently held a popular 
salon frequented by Anaxagoras and Euripides. Early sources often provide 
contradictory information about her. The most reliable seems to be Plutarch 
in his Life of Pericles. As a member of the hetaerae, Aspasia could participate 
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Aspasia, a highly educated Greek 
woman and companion to the states¬ 
man Pericles, was recognized by 
Socrates as one of the best intellects of 
Athens. She was able to converse with 
men and move in public circles, which 
was unusual for Athenian women of 
the time. (Araldo de Luca/Corbis) 



in the intellectual and social life of Athens. Her union with Pericles presum¬ 
ably produced a son. She later supposedly married an Athenian politician, 
Lysicles, and produced a son by him. 

Allegedly, Aspasia wrote some of Pericles’ best speeches, including his 
famous funeral oration for those who died in the battle of Potidaea. Plato’s 
dialogue, the Menexenus, includes a funeral oration said to be written by 
Aspasia. However, the account in the Menexenus is filled with historical mis¬ 
statements. Aspasia was certainly not a scientist but apparently was an influ¬ 
ential advocate for women’s rights. If she taught Socrates, as Plato claimed, 
she was a highly respected scholar and her views may have influenced those 
expressed by Plato in the Republic regarding women. Clearly, she was an im¬ 
portant figure in fifth-century Athens. Although she left no books of her own 
she was satirized in Greek comedy and was considered an important personage 
in Greek philosophical dialogue (Lipinska 1900, 1930; Hurd-Mead 1938; 
Ogilvie 1986; Mozans 1991). 
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Women in Mathematics and Astronomy 

Although medicine was the scientific endeavor most often pursued by women, 
they also reputedly participated in other areas of the scientific enterprise. 


Aglaonike (fl. fifth century BC) 

We know of the existence of the Greek astronomer Aglaonike from two 
classical sources: Plutarch and the scholiast of Apollonios of Rhodes. She was 
regarded by her contemporaries as a sorceress because she supposedly pos¬ 
sessed the occult power traditionally attributed to certain Thessalian women 
to make the moon disappear at will. Plato, Horace, and Virgil all mention this. 
However, Aglaonike’s abilities may have gone beyond the purely magical 
realm into the area of eclipse prediction. Apparently she was fa mi li a r with 
the periodic recurrence of lunar eclipses. The prediction of the general time 
and the general area in which a lunar eclipse would occur was an ancient 
skill and not one that Aglaonike originated. However, it is likely that she had 
mastered the skill of predicting eclipses and was interested in celestial astron¬ 
omy (Ogilvie 1986). 


Hypatia of Alexandria (ca. AD 355-415) 

Hypatia captured the imagination of 18th-century writers because of her bru¬ 
tal murder at the hands of an Alexandrian mob. These writers derived their 
information from a small number of sources from late antiquity and the Mid¬ 
dle Ages. Most of the material comes from Socrates Scholasticus, a fifth-century 
historian of Constantinople, and two compilations—the 10th- or 11th-century 
Suidas, a lexicon-encyclopedia containing excerpts from early Greek writers; 
and the Bibliotheca of the ninth-century theologian Photius. Other sources 
for these 18th-century accounts were the Byzantine chronicler Malalas, whose 
material was notoriously inaccurate, and the Ecclesiasticae historiae by Nice- 
porus Callistus. Later accounts were loosely based on the earlier culturally 
biased material. For example, John Toland, an ardent Protestant, published 
an essay (1720) on Hypatia blaming the Alexandrian clergy for her death. 
Voltaire asserted Enlightenment values by also blaming her death on religious 
fanaticism. Hypatia appears in E. Gibbon’s The Decline and Fall of the Roman 
Empire, in Henry Fielding’s A Journey from This World to th e Next (1743), two 
poems by Leconte de Lisle (1847, 1874), and a novel, Hypatia (1853), by 
Charles Kingsley. During the second half of the 19th century, positivists found 
that Hypatia satisfied their needs for elevating science over superstitious 
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religion. The life, work, and death of Hypatia have continued to fascinate lit¬ 
erary and religious writers, artists, and scientists in the 20th century. However, 
scholars may never be able to arrive at an entirely satisfactory evaluation of 
her life and works. 

Hypatia’s father was Theon of Alexandria, a mathematician attached to the 
museum at Alexandria. Although Theon is described in some reports as the 
director of the museum, there is no consensus about this position. Most ac¬ 
counts assume that Hypatia’s early education was in mathematics and astron¬ 
omy at the Museum. However, it is uncertain where she received her training 
as a Neoplatonist, although most sources assume that she was educated in the 
Neoplatonic school at Alexandria since she became a teacher in this school. 
The Suidas asserts that she assumed the directorship of the school in AD 400 
when she was 31 years old. 

Socrates Scholasticus proclaimed that Hypatia was not only well known in 
her native land but that her fame was widespread, attracting students from far 
away. Synesius, later bishop of Ptolemais, was one of her most famous stu¬ 
dents. She carried on an extensive correspondence with him, and he became 
an excellent public relations agent for her. The best evidence indicates that 
Hypatia never married, although there are reports to the contrary. 

The report of Hypatia’s death recorded in the Suidas says that “she was 
torn apart by the Alexandrians and her body was outraged and scattered 
throughout the whole city.” The same source blames this atrocity on Bishop 
Cyril of Alexandria, envious over “her wisdom exceeding all bounds and es¬ 
pecially in the things concerning astronomy” (Suidas 166:644). Most of the 
sources agree on the circumstances of her death but differ as to the reason 
for it, depending on their biases. Several, like the Suidas, blame her death on 
the jealousy of Bishop Cyril. Others cast Hypatia as a victim of political rivalry 
between the Roman prefect Orestes, who was a great admirer of Hypatia, 
and Cyril, who wanted to extend his authority over secular as well as religious 
areas. Additional accounts blame the murder on the unruly nature of the 
Alexandrians, which caused them to riot at the slightest provocation. Later 
writers continued to speculate on the part that Cyril and the Church played 
in her murder. Catholic partisans insisted that Cyril was completely innocent 
and unjustly maligned by biased reporters. Protestant writers were equally 
vehement in denouncing Cyril as the instigator of her death. 

Tradition assumes that Hypatia wrote books on mathematics, lectured on 
a variety of subjects, and invented mechanical devices. It has generally been 
accepted that although she wrote commentaries on Apollonius of Perga, Dio- 
phantus, and Ptolemy, none of these works survived. However, scholar Alan 
Cameron postulates that editions of Ptolemy (Theon’s commentary on the third 
book of the Almagest and Handy Tables now available) were actually codified 
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and arranged by Hypatia. He also presents the possibility that certain com¬ 
mentaries on Diophantus’s work were also made by Hypatia. 

Synesius refers to two mechanical devices, a hydrometer and a silver astro¬ 
labe, that he and Hypatia invented. 

Hypatia’s life will undoubtedly continue to be shrouded in uncertainty. The 
terse early accounts of her life and death are often ambiguous and lend them¬ 
selves to a variety of interpretations. Reputedly a brilliant, beautiful woman, 
her fame was assured by her martyrdom (Alic 1986; Ogilvie 1986; Dzielska 
1995). 


Lilovati (or Leelavati) (fl. 12th century AD) 

The status or even the existence of Lilovati (or Leelavati) is more uncertain 
than that of Hypatia. According to one tradition, she was the daughter of the 
well-known Hindu mathematician Bhaskaracharya or Bhaskara II (born AD 
1114), who taught her arithmetic. Bhaskaracharya is best known for his Sid- 
dhanta Siromani, a mathematical work, basically a textbook, divided into four 
parts: Lilavati (arithmetic), Bijaganita (algebra), Goladhyaya (celestial globe), 
and Grahaganita (mathematics of the planets). It is immediately evident that 
the first section of the Siddhanta Siromani, the Lilavati, shares its name with 
Bhaskaracharya’s daughter. According to C. N. Srinivasiengar in The History of 
Ancient Indian Mathematics, Lilavati or Leelavati was a popular girl’s name. 
Why did Bhaskaracharya choose this name for the first part of his mathematical 
work? According to one story, he named it after his daughter. As a good as¬ 
trologer, Bhaskaracharya studied her horoscope and concluded that Lilavati 
would become a widow. However, this disaster could be avoided if the cou¬ 
ple married on a specific date at a specific time. To ensure that they would 
be married at exactly the propitious time, he constructed a “sand glass,” a de¬ 
vice that measured time in a fixed interval by controlling the flow of sand 
from one vessel to another beneath it through a small hole. However, Lilovati, 
overcome with curiosity, examined the instrument; as she leaned over it, a 
pearl fell in the sand from the ornament in her nose. The pearl slowed the 
motion of the sand; consequently, the marriage took place after the ideal time 
fixed by astrological calculations. Her husband died shortly after the marriage 
and to console her, the story goes, her father taught her arithmetic and named 
his work for her. 

According to Srinivasiengar, this often-told story has no basis in fact. He 
writes that “the concluding stanza of the Leelavati is a pun on language, and 
would bear evidence to the statement that the name is one of fancy” (Srini¬ 
vasiengar 1967, 80-81). He continues with reasons for his skepticism, including 
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the presence of other books pertaining to different subjects, also named Lee- 
lavati (Srinivasiengar n.d.). 


Theano (latter part of sixth century BC) 

The historical position of Theano, while better documented than that of Lee- 
lavati, is still elusive. Although some sources consider her the wife of Pythago¬ 
ras, others consider her a Cretan woman, the daughter of Pythonax. Still others 
place her as a Crotonian, the daughter of Broninos or Brotinos, Pythagoras’s 
successor. Another tradition indicates that she is not the wife of Pythagoras 
but his student. Still another claims that she is Pythagoras’s daughter and Bron- 
tinos’s wife. If she was indeed the wife of Pythagoras, the number and names 
of the children attributed to Theano and Pythagoras vary with the sources. 

No writings of Theano are extant, although an apocryphal literature under 
her name has emerged. The earliest of these writings probably appeared from 
the fourth to the third century BC and consist of a collection of apothegms. 
This first group and the second, consisting of seven letters and based on the 
apothegms, do not show characteristics of Pythagoreanism. The third group, 
however, contains a mathematical pseudo-Pythagorean literature in Theano’s 
name. According to tradition, medicine was another of her fields of expertise. 

It is difficult to determine which works attributed to Pythagoras actually 
represented his ideas. Because of the cult of secrecy surrounding Pythagore¬ 
anism, the practice arose of assigning all important ideas to Pythagoras himself. 
This practice carried over to Theano. Since the Pythagorean-mathematical 
apocrypha appeared much later than the apothegms, it cannot be assumed 
that they expressed the words or even the ideas of Theano. It is often claimed 
but not confirmed that Theano continued the school of Pythagoras after his 
death. We can only conclude that, according to tradition, Theano was a math¬ 
ematician, a physician, and an administrator—someone who kept alive an 
important training ground for future mathematicians (Alic 1986; Ogilvie 1986). 


Women in Alchemy 

Alchemy has always been surrounded by mystery; consequently, it is difficult 
to extricate the factual from the fanciful in the works of the ancient alchemists. 
To ensure their own exalted positions, they couched their works in symbolic 
and metaphorical terms. They also appropriated historical names such as 
Moses, Cleopatra, and Adam. According to one tradition, Cleopatra was a 
physician of the fifth century BC mentioned in the Hippocratic writings. An¬ 
other suggested that she was an alchemist who was a follower of Mary the 
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Jewess. During the Middle Ages the traditions became confused and a third 
complication was added: Queen Cleopatra of Egypt’s name was linked with 
the work of both Cleopatra the physician and Cleopatra the alchemist. How¬ 
ever, both women’s and men’s names were associated with early alchemy. 


Mary the Jewess (first or second century AD) 

Mary the alchemist assumed the name of the sister of Moses and is known 
variously as Mary, Maria, or Miriam the Jewess. Enough reports of her writings 
are extant to establish her historicity. In Alexandria where she worked, the 
presence of mystery cults, Christianity, and the liberalization of the strict pa¬ 
triarchal attitudes of rabbinical Judaism toward women provided a perfect cli¬ 
mate for the existence of a woman alchemist. 

As Mary understood it, alchemy represented a fusion of the rational, the 
mystical, and the practical. This hybridization, which would have been im¬ 
possible in classical Greece, would be expected in an eclectic Hellenistic so¬ 
ciety. Mary produced a three-part still, described by the alchemist Zosimos, 
illustrating the practical technological facet of her alchemy. She merged this 
invention with the imagery of the “above and below” that suffused the mys¬ 
tical Hermetic philosophy. It is not for her theoretical contributions that Mary 
is remembered but for the invention or elaboration of apparatuses that proved 
basic for the development of chemistry. These contributions include the three¬ 
armed still, the kerotakis, the hot ash bath, the dung bed, and the water bath 
(the last bears her name to this day, the bain-marie). This name was first ap¬ 
plied by Arnald of Villanove in the 14th century. Mary was one of the few 
women in antiquity to attempt to incorporate the empirical-sensory elements 
of science within an explanatory-theoretical framework (Ogilvie 1986). 


Conclusion 

Science and myth are inextricably combined when the contributions of women 
to the scientific activity are considered. However, women were clearly in¬ 
volved in these activities to various degrees from the very beginning of 
recorded history. Women have a history as scientists and physicians and their 
names appear in the works of the classical writers. Although we may never 
be able to collect more factual information about these women because their 
existence is buried so deeply in the morass of history (a history that did not 
value their contributions), from the slim material that is available we know that 
women as well as their brothers always were interested in explaining their 
environment and improving human life. (See Early Modern Health) 
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Introduction 

Until about a generation ago, women’s achievements in science were, with 
few exceptions, largely ignored in the historical record, and both scholarly 
and popular writings left the impression that women did not participate in 
science before relatively modern times. In fact, women have been practicing 
science and the precursors of science throughout the entire history of science 
and technology. 

The last great scientist of antiquity was Hypatia of Alexandria; her birth 
in the year 370 was roughly contemporary with the burning of much of the 
great library of Alexandria, which resulted in great loss of the knowledge of 
antiquity. From the perspective of science, these events together may be re¬ 
garded as marking the concluding era of late antiquity, which was followed 
by the Early Middle Ages. 

The Middle Ages, or medieval era, is the period in European history be¬ 
tween classical antiquity and the Renaissance, usually considered as running 
from the late fifth century to about 1350, with some authors extending this 
period to as late as 1500—a time span of about 1,000 years. Most of the records 
that we have of women’s participation in the practice of science during the 
Middle Ages refer to science in Western Europe, although there is also evi¬ 
dence of women engaged in theoretical and applied science in Asia, princi¬ 
pally in Islamic, Indian, and Chinese cultures, and possibly even in the Western 
Hemisphere. 

The medieval period was an age of faith and feudalism; European society 
as a whole was organized around feudal economic structures and the struc¬ 
ture of the Christian Church. Throughout the medieval period, life was bitterly 
hard for most people and especially hard for women. Only members of the 
upper economic classes, primarily members of the feudal nobility and the hi¬ 
erarchy of the Church, had significant access to education or the leisure time 
to engage in scholarly activities. In the patriarchal society of the Middle Ages, 
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gender-based discrimination, coupled with the social, cultural, and economic 
barriers, especially limited access and participation of women in higher edu¬ 
cation and scholarly activities. 

During the Middle Ages, the whole body of scientific and technical knowl¬ 
edge was much smaller that it is today so that educated individuals could be 
conversant with many fields of knowledge. Thus, most of the individuals whom 
we recognize and classify as scientists were members of the upper classes 
who engaged in many activities and interests, of which science was only one. 
Science was not a profession then in the sense that it can be at present, and 
much of the practice of science was in the hands of individuals whom we might 
regard as amateurs, albeit very talented and well-informed amateurs. Further¬ 
more, science was in an earlier stage, with the practice of chemistry conflated 
with alchemy and the knowledge and practice of astronomy included within 
astrology. 

Throughout the entire Middle Ages only limited progress took place in sci¬ 
ence and mathematics, but investigations in the sciences and particularly med¬ 
icine continued, and some technological progress occurred. 


Early Middle Ages 

The Early Middle Ages began with the final disintegration of the Roman Em¬ 
pire in Europe during the 400s. The decline of the Roman civilization with the 
accompanying loss of the imperial social order left a breakdown of society 
and limitation of intellectual life through much of Western Europe. Through¬ 
out the Early Middle Ages, the knowledge of science was preserved and flour¬ 
ished mainly in Arabic culture; knowledge of the science of antiquity survived 
only precariously during these centuries in Western Europe. 

After the disintegration of the Roman Empire, medicine in Western Europe 
was mostly folk medicine, although some knowledge of Greek medicine and 
even the gynecological tradition of the second century survived. During the 
Early Middle Ages, many of the women who have been identified as partic¬ 
ipating in science and science-related activities were working in medicine. 
Many were herbalists and passed the traditions of herbal medicine within their 
families. Throughout the Middle Ages, medicine remained one of the very 
few channels for the scientific interests of medieval women. 

During the Early Middle Ages, notable individual women included the Em¬ 
press Theodora (500-548), who rose from plebian origins to become Empress 
of the Eastern Roman Empire in Constantinople and the most powerful woman 
in Byzantine history. She appears to have had serious interests in philosophy, 
mathematics, and science as well as poetry. She is credited as one of the ear¬ 
liest rulers who recognized the rights of women; she passed laws to prohibit 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Medieval Era 19 


prostitution of young girls and altered the divorce laws and property owner¬ 
ship laws to benefit women. 

Other aristocratic women of this period included the Empress Eudocia 
(396—460), a classical scholar who had skill in medicine and founded a great 
hospital in Jerusalem; her interests also included astronomy and mathematics. 
The Empress Julia Anicia (472-512) was deeply interested in medicine; her 
illustrated codex of Disocorides’ herbal has survived; it is the earliest known 
complete medical manuscript. Although there are few records of individual 
women, illustrations have survived that show medieval Arabic women dealing 
with obstetrics and gynecology as well as Arabic women and men engaged 
in alchemy. 

During the Early Middle Ages in Western Europe, the Christian Church had 
a central role in both education and scholarly activities. Religious institutions 
such as monasteries and nunneries provided the milieu for most science and 
science-related activities. Such religious institutions were located throughout 
Western Europe, and many of the women involved with science during the 
Early Middle Ages were associated with these religious institutions. Included 
among these women were Saint Briget of Ireland (453-525), who was a physi¬ 
cian; the Abbess Hilda of Whitby (614-680), who was an English physician and 
surgeon and educator; Abbess Berthildis of Chelles (652-702), who was a 
French scholar and physician; and German Abbess Mathilda of Quedlinburg 
(895-968), who also practiced medicine. 

Other notable women active in Western Europe included Radegonde (513— 
587), who practiced medicine in France. Hroswitha of Gandersheim (935— 
1000) was a German nun who by the standards of her time was learned in 
mathematics and medicine as well as being a playwright and poet and one of 
the first outstanding female literary figures in Europe. In addition to these and 
other women whose names have come down to us from the Early Middle 
Ages, there were also less well-known women who worked in medicine and 
related fields such as pharmacy, as indicated in sculpture and other visual 
records as well as written references. 


High Middle Ages 

The historical period known as the High Middle Ages began around 1000 and 
lasted to roughly 1300. At that time, Europe still remained a backwater com¬ 
pared to other civilizations such as those of Islam or China. In the early 11th 
century in Europe, knowledge of science was largely limited to fragments of 
the science of antiquity, but progress soon became more rapid. Cultural changes 
came partly as a result of the Crusades, which started in the 11th century and 
continued through the 15th century. Contact with the Arabic culture allowed 
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Europeans to access preserved Greek and Roman texts as well as Arabic 
commentaries and texts, and large numbers of Greek and Arabic works on 
medicine and the sciences were translated and widely distributed throughout 
Europe. Alchemy was introduced into Europe at the time of the Crusades. 
Also, because the Crusades contributed to spreading diseases through Europe 
and the Middle East, the need for hospitals and physicians increased; hospi¬ 
tals were built along the Crusaders’ routes, some staffed largely by women, and 
many women practiced medicine. 

Around AD 1000, the number of women scientists for whom we find records 
begins to increase, concurrent with the rise of European science. This increase 
in the population of women scientists started in Italy and gradually spread to 
Northern Europe, as did science in general. During the Eligh Middle Ages, more 
women seemed to have been practicing science than at any previous period 
of history. 


Role of the Religious Communities 

During medieval times, convents and monasteries played a very important 
role in preserving and disseminating knowledge, and a significant number of 
scientists, both men and women, belonged to religious communities. Medieval 
convents provided women with opportunities for education and scholarly re¬ 
search. Throughout most of the medieval period in most of Europe, women 
scientists were frequently members of religious orders, and they studied and 
practiced science within convents. 

The most outstanding woman scientist of this period was the Abbess Hilde- 
gard of Bingen (1098-1179). Eler prolific writings included treatments of var¬ 
ious scientific subjects, including medicine, botany, and natural history, and 
she authored what have been called the greatest scientific works of the Mid¬ 
dle Ages. Historian of science George Sarton has referred to Hildegard as the 
most distinguished naturalist of this period and also as the most original 12th- 
century philosopher in Western Europe. Hildegard was a visionary but also 
a politically powerful person. Her interests included cosmology, and she put 
forward the idea of a heliocentric solar system as well as other revolutionary 
scientific ideas in her writings. Her major work was the Scivias, completed in 
1151. Her ideas continued to affect the direction of scientific thought through¬ 
out the Late Middle Ages and into the Renaissance. 

Another outstanding woman of this period was Herrade of Landsberg, a 
contemporary and possibly also a friend of Hildegard. Herrade, the abbess of 
Hohenburg in Alsace and a prominent scholar, author, and educator, was bom 
early in the 12th century and died in 1195. During the 12th and 13th cen¬ 
turies in Europe there was a marked increase in the rate of new inventions, 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Medieval Era 21 



Illustration from Scivias (Know the Ways 
of the Lord), by the German nun and 
mystic Hildegard von Bingen. This illus¬ 
tration shows Hildegard’s vision of the 
universe as a cosmic egg. (Erich Lessing/ 
Art Resource) 


innovations in the ways of managing traditional means of production, tech¬ 
nological advances, and a surge in economic growth. Herrade had a very ex¬ 
tensive knowledge of the technology in use during the Middle Ages, and she 
recorded this for posterity. Herrade’s encyclopedic works covered not only 
history, religion, and philosophy but also geography, astronomy, natural his¬ 
tory, medical botany, and the technology of the Middle Ages, with descrip¬ 
tions and depictions of many inventions, such as mills powered by wind and 
water. For centuries, Flerrade of Landsberg’s encyclopedic works were a ma¬ 
jor source of information, and it is from them that we have derived most of 
our present knowledge of the technology of the Middle Ages. 

Another exceptional woman of the medieval period was Heloi'se (1101- 
1164). She was a scholar of languages as well as a philosopher and logician 
with a reputation for outstanding intelligence and insight. Her relationship with 
her mentor, the scholar Pierre Abelard (a principal figure in early scholasti¬ 
cism), provided one of the earliest and best-known records of romantic love. 
Later in life Heloi'se became an abbess. She was one of the foremost intellec¬ 
tuals of medieval times and has been described as an outstanding mathemati¬ 
cian and the most learned woman physician of France of the 12th century. 

Hildegard, Herrade, and Heloise were among the last of the scholarly 
abbesses. As time went on, the prestige and power of abbesses were reduced; 
in some cases these women became subordinated to abbots. More nuns be¬ 
came cloistered, and many convents that had previously shared facilities with 
monasteries were subsequently separated from them. 
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Cathedral schools had been introduced near the beginning of the High 
Middle Ages to improve the education of the clergy. These new schools were 
open only to males training for the clergy and did not admit women. The 
effect was to exclude women from the mainstream of education and learning 
through much of the rest of the Middle Ages. While some women continued 
to have access to education in nunneries, the educational divide between men 
and women increased to the disadvantage of medieval women. As time went 
on, abbey schools were closed, and by the 13th century, educational oppor¬ 
tunities in the convents had been seriously reduced. 


Role of the Universities 

An important development in the revival of learning during the Middle Ages 
was the rise of the first universities in Europe, which started with the medical 
schools of Italy. These universities aided in the translation, preservation, and 
propagation of earlier learning and started a new infrastructure that could 
support scientific communities. During the Middle Ages in Italy, a number of 
women scientists were associated with the universities. 

During the 11th century in Italy, a major revival of Western medicine began 
at the medical school at Salerno. Salerno seems to have been the first me¬ 
dieval medical center independent of the Church; it also seems to have be¬ 
come the first European university. In view of the limited access to education 
generally afforded to medieval women, the early tradition of female medical 
students and faculty members at Salerno was significant. One of the earliest 
and most famous of these medieval women was Trotula of Salerno (d. ca. 
1097) who was a widely acclaimed professor of medicine at the medical 
school in Salerno during the 11th century. With the field of medicine dom¬ 
inated by men, Trotula recognized the need for medical knowledge and med¬ 
ical care specific to women’s needs and became a leading specialist in 
obstetrics and gynecology. She also was known for her practice in dermatol¬ 
ogy and epilepsy, and she was recognized for her departure from tradition 
in methods of diagnosis, which included both questioning the patient and 
discussing the patient’s condition with the patient. Trotula was the author of 
medical treatises that were widely used throughout Europe during the Middle 
Ages. Her most famous work was Passionibus mulierum curandorum {The 
Diseases of Women), which dealt with menstruation and pregnancy from con¬ 
ception to childbirth, as well as general diseases and treatments. Among her 
innovations was her suggestion that opiates be provided for women during 
childbirth in direct defiance of the Church’s teachings. She also seems to have 
pointed out that physiological defects of men as well as women could affect 
conception; this was a dangerous claim to make during the Middle Ages in 
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Europe since it implied that men could be responsible for infertility, an idea 
not easily accepted in a patriarchal culture. She taught many Italian women 
of the nobility, a group sometimes referred to as the “Ladies of Salerno,” who 
became widely known as physicians and medical scholars. 

The 12th century saw the beginnings of a renaissance in learning. This came 
about in part as a result of the growth of towns with literate upper classes. 
In part it came from contacts with more advanced Islamic culture. The influ¬ 
ence of Arab science first became evident in Italy and Spain, the areas of Eu¬ 
rope that had the most contact with the Moslem civilization. This interaction 
led to the introduction of Arabic science and the rediscovery of the works 
of Aristotle, Ptolemy, and Galen in Western Europe during the 12th and 13th 
centuries. Greek scientific treatises were translated from Arabic into Latin, and 
Europeans began rediscovering the science of antiquity as it had been pre¬ 
served and extended by the Arabs. Arabic numerals were introduced into 
Europe around 1200. 

The period 1100-1400, and particularly the 13th century, was known as 
the age of scholasticism, the system of thought that integrated philosophy and 
theology during the Middle Ages. This approach sought to combine the sec¬ 
ular understanding of the ancient world, particularly as exemplified by Aris¬ 
totle, the authority in philosophy, with the doctrines of the Church. 

The most striking intellectual development of the 13th century was the rise 
of the universities, with several (including Bologna, Paris, and Oxford) founded 
around 1200. These new institutions of higher education were in many cases 
outgrowths of the cathedral schools, and women, as a result, were most often 
excluded. 

In France early in the 12th century, women studied privately and taught med¬ 
icine at Montpellier, but subsequently women were excluded from French 
universities. With the exception of institutions in Italy, universities seem to 
have been closed to women throughout Europe during much of this period, 
an exclusion that became a significant drawback to women with scientific in¬ 
terests. Because women were largely prohibited from universities, they were 
effectively barred from participating in the revival of philosophy and mathe¬ 
matics that took place during the High Middle Ages. This situation was also 
disadvantageous to women in medicine, since medicine was becoming a pro¬ 
fession requiring a university education. As a result, the hierarchy of medicine 
became more and more dominated by male physicians. Laws against women 
healers were introduced and enforced, and women who would have qualified 
as physicians in the 13th century would be treated as charlatans and witches 
in the 14th and 15th centuries. 

An example was Jacobina Felicie ( ft. 1300s), who was bom in Florence about 
1280 and who, after private study, had practiced medicine very successfully 
in Paris. However, in 1322, the dean of the medical faculty at the University 
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of Paris brought charges against her for practicing medicine without a license, 
citing an edict dating back to 1220 that prohibited anyone not a member of 
a faculty of medicine from practicing medicine. Eventually the charges were 
withdrawn and the prosecution was dropped, but this set a precedent against 
women practicing medicine in France until the 19th century. 

A number of other women were involved in scientific activities during the 
High Middle Ages including Anna Comnena (AD 1083-1148), daughter of the 
emperor of Constantinople, a scholar who was a well-known historian. She 
seems to have been the first woman historian whose writings have survived, 
and she also engaged in mathematics, astrology, and the practice of medicine. 

During the 1200s in Italy, Maria di Novella was a prominent educator and 
mathematician and a professor of mathematics. At the age of 25 she became 
head of the department of mathematics at the University of Bologna. 

Persian Princess Gevher Nesibe (ca. 1200) had an interest in medicine and 
was responsible for the founding of the historic Gevhar Nesibe Hospital, the 
oldest hospital in Anatolia. 

Well-known medieval physicians of this period included Saint Elizabeth of 
Hungary (1207-1230); Elizabeth of Aragon (1271-1336), who practiced med¬ 
icine in Spain and Portugal; Agnes of Bohemia (d. 1282), who practiced 
medicine in what is now the Czech Republic and Slovakia; Saint Clara of Assisi 
(1194-1253), a physician in Italy during the 1200s; and Mechthild of Hackec- 
dorn (1212-1282), who was a German physician. 


Late Middle Ages 

The age of scholasticism in the 1200s was followed by the historical period 
known as the Late Middle Ages (1300-1500). During this period, power was 
shifting from the religious establishment to the towns and the middle classes, 
and some limited educational opportunities for women opened in the towns. 
The first half of the 14th century was initially promising for science, with a 
decline in scholastic debates and further attention devoted to searching for 
natural explanations of phenomena that directed the way toward experimental 
science. 

But this was a time of rapid change and turmoil. Some centuries of relative 
prosperity in Western Europe were brought to an end by a series of events 
referred to collectively as the Crisis of the Late Middle Ages. A factor con¬ 
tributing to the crisis was the onset of a period of cooler climate known as 
the Little Ice Age, which set in around 1350 and lasted for some 500 years; 
this was a time of hard winters, violent storms, and droughts. There were also 
plagues and severe famines. The Black Death, a form of bubonic plague, 
arrived in Europe around 1350, spread over Europe, and killed an estimated 
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one quarter to one third of the population during the 1300s. The impact of 
the plague was especially severe in the crowded towns, where much of the 
intellectual activity took place. Recurrences of the plague and other disasters 
caused a continuing decline of population and difficult times for about a cen¬ 
tury. These circumstances in turn led to severe economic problems, associ¬ 
ated financial collapse, social unrest, and endemic warfare. The Hundred Years’ 
War, actually a series of wars between England and France, extended from 
1337 to 1453. Other societal events contributing to the societal crises toward 
the end of the Middle Ages included the Spanish inquisition, started around 
1478 during the transition to the Renaissance. All of these circumstances 
may have contributed to a reduction in the level of scholarly and scientific 
activities. 

One additional societal crisis that started during the Late Middle Ages and 
was probably uniquely important to the participation of women in science 
was the horrific persecution of women as witches that occurred throughout 
Europe starting around 1300; it began turning into a frenzy during the late 
1400s and extended into the 1600s. Accusations of witchcraft were notably 
directed against women herbalists, natural healers, and midwives. Probably the 
worst peril that women in medicine were exposed to from the 1300s onward 
was the accusation of witchcraft. The pursuit of witches reached such inten¬ 
sity in the 1600s that by some estimates at least 40,000 women accused of 
witchcraft were executed and many more were tortured. Women in other sci¬ 
ences and even engineering also suffered in the witchcraft frenzy. 

But a countervailing effect to the disastrous events in Late medieval and 
early Renaissance Europe were provided by the invention of printing: dur¬ 
ing the middle years of the 1400s, the then-recent invention of printing with 
movable type contributed to the democratization of learning, allowed a faster 
propagation of new ideas, and made it possible for scientific publications to 
become much more widely available than ever before. 

During the Late Middle Ages, there was some early feminist activity with 
women challenging the male hegemony over education and scholarly activ¬ 
ities. In Western Europe at this time, a number of literate upper-class women 
were writing on behalf of women and promoting women’s education. One 
of the most prominent of these was Christine de Pisan (1363-1431), an early 
and active feminist who challenged academic misogyny; she became Europe’s 
first woman who earned a living as a professional writer. She was an impor¬ 
tant French scholar, philosopher, poet, historian, and author. Born in Venice, 
the daughter of a professor of medicine and alchemy and astrology, she ap¬ 
parently had an interest in medicine and the sciences although she does not 
seem to have worked actively in these fields. She wrote several books dealing 
with the importance of women and equal rights, including Le Livre de la cite 
des dames. 
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Medieval illustration depicting Christine de Pisan presen ting a manuscript to Isabella 
of Bavaria. (Historical Picture Archive/Corbis) 


The University of Bologna had allowed women to attend lectures from its 
inception in 1088 and subsequently had women on the faculty. The study of 
anatomy had been in stasis for over 1,000 years since the time of Galen, but 
it was revived at the University of Bologna. Alessandra Giliani, an anatomist 
who lived in Italy during the early 1300s, was the dissector and assistant to 
the anatomist Mondino de Luzzi at the anatomy school at the University of 
Bologna. She is credited with devising the technique of injecting dye into the 
blood vessels of cadavers so that the locations of the blood vessels could be 
traced in dissection studies. 

Women professors who taught at the famous medical school at Salerno 
during the 1300s included the notable medieval Italian physician and educa¬ 
tor Abella of Salerno, the author of two lost medical treatises, De atrabile and 
De natura seminis humani; Rebecca Guarna, also a medical author whose 
writings on topics including urine and embryos have been lost; and Mercu- 
riade, whose writings on topics including crises in fevers and the cure of 
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wounds also did not survive. Another woman involved in science during the 
1300s was Perenelle Flamel (d. 1413), a French alchemist who worked with 
her more famous husband, the alchemist Nicholas Flamel. 

An interesting feature of the practice of medicine in medieval Europe was 
the significant number of Jewish women physicians. The educated Jewish 
population was able to contribute to bridging the gap between European and 
Arabic culture, helping to provide continuity in the knowledge of Galen and 
other Roman and Greek physicians. Medieval Jewish women physicians in¬ 
cluded the previously mentioned Jacobina Felicie. Others were Virdimura, a 
physician in Sicily who was licensed to practice medicine in 1376; Salome of 
Cracow, who was a physician in Poland during the 1200s; Sarah de Saint 
Gilles, who was a physician and educator in Montpellier in France around 
1300; Sarah la Mirgesse, who taught and practiced medicine in Paris in 1292; 
and Sarah of Wurzburg, who practiced medicine successfully in Germany in 
the 15th century. 

Among the women engaged in scientific work during the 1400s was Dorotea 
Bocchi (1360-1436). She succeeded her father as professor of medicine and 
moral philosophy at the University of Bologna and remained in that position 
for 40 years. While she held the chair of medicine at Bologna, she had students 
from all over Europe. Constanza Calenda, daughter of an Italian professor of 
the 14th century, studied medicine at the University of Salerno and lectured 
at the University of Naples. 

In Italy, Cassandra Fidelis (1465-1558) was the most renowned woman 
scholar in Italy and was a physician; also, the scholar Laura Ceretta (1469- 
1499) studied mathematics and astronomy and lectured on philosophy. 

The Middle Ages gradually came to an end, as the 15th century saw the rise 
of the cultural movement of the Renaissance. Women active in science during 
this period included the Spanish nun Beatrix Galindo (1473-1535), who was 
a physician as well as a philosopher and scholar; Countess Margaret Beaufort 
(1443-1509), an English scholar and medical practitioner; and Isabella Losa 
(1473-1546), a Spanish physician. 

In spite of the impediments during these difficult times, a number of women 
continued to work in science during the Late Middle Ages and early Renais¬ 
sance. Isabella d’Este (1474-1539) became one of the leading women of the 
Italian renaissance and was involved in archaeological investigations. Many 
women became interested in and practiced alchemy, a precursor of chem¬ 
istry. We know from visual and written records that women worked in the 
medieval equivalent of industrial laboratories and also in private laboratories. 
Somewhat later, during the 1500s, Anna Electress of Saxony (1532-1587), a 
member of the Danish royal family, built her own private laboratory, which 
was the largest laboratory in Europe at that time. 
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Conclusion 

With the increased revival of Greek science, early Renaissance scholars to 
some extent repudiated medieval science. However, the medieval sciences 
provided transitional knowledge during the millennium between antiquity 
and the Renaissance. 

During all of the Middle Ages, only about 200 women have been specifi¬ 
cally identified as participating actively in scientific work. (We may presume 
that many additional, less prominent women must have been present but their 
names have not come down to us.) Since the Middle Ages represents a period 
of about 1,000 years, this corresponds on average to some 20 prominent 
women per century (scattered over all of Europe, with a few in the Middle 
East). Lifetimes were typically shorter during the medieval period and travel 
extremely difficult; accordingly, few of these women would ever have had 
the opportunity of meeting each other, let alone mentoring or collaborating 
with one another. 

We can also examine the number of identified women scientists as a func¬ 
tion of time during the Middle Ages, bearing in mind that the numbers are 
so small that such assessments are at best semiquantitative and subject in 
interpretation to many biasing effects. From the end of antiquity, the number 
of women in scientific pursuits dropped from about 10 per century to none 
at all identified during the 800s, then rose rapidly through the 1100s and 
1200s, peaked during the 1300s, and dropped off appreciably during the 
1400s, at least partly in response to the trends and causative factors already 
discussed. 

Thus, after a decline in numbers after late antiquity, followed by a prom¬ 
ising rise in the participation of women in science during the High Middle Ages, 
the Middle Ages ended in a period of increased exclusion of women from ed¬ 
ucation and from participation in the sciences. However, some brilliant women 
would continue to practice science during the Renaissance. (See also Early 
Modern Health; Medicine; Universities) 
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Renaissance 


Cynthia Klestinec 


Until recently, it was assumed that women, largely undereducated, did not play 
a significant role in the cultural developments of the Renaissance. In many 
ways, however, women were important to the literary, political, and scientific 
developments of this period. Some gained access to print—the most impor¬ 
tant technology of the day—reading books as well as writing them. They be¬ 
came astoundingly well educated, establishing themselves among the elite 
and shaping the intellectual, humanist traditions of scholarship. Others sought 
to develop their own communities, traditions of communication, and beliefs. 
In direct and indirect ways, women helped to shape the cultural programs of 
the Renaissance, including those associated with the Scientific Revolution. 

From 1450 to 1650, Europe witnessed profound changes in technological 
capacity, political landscape, social customs, and literary traditions. This pe¬ 
riod saw the rise of print, the flourishing of humanist and civic culture, and 
the expansion of trade in urban centers across the continent and with “the 
rest of the world” (a phrase that could only appear, as Mary Louise Pratt has 
shown, when Europe had an idea of itself as something different from and 
often opposed to non-European others, which was another development of 
the Renaissance). These changes were both guides and sources of inspiration 
for the Scientific Revolution; and like the Scientific Revolution itself, the history 
of these sweeping changes depends on the ideas, activities, and communities 
of men and women alike. 


Print Culture and Humanism 

In Mainz, Germany, around 1450, printing with movable type was perfected, 
and while the invention has been attached variously to the names of Johann 
Gutenberg and Johann Fust as well as Peter Schoffer, the year 1450 provides a 
useful marker for the beginning of the Renaissance. Matched perhaps only by 
the Internet today, the printing press was to have the most profound impact 
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of any innovation on European culture. Books became more affordable and 
more pervasive, and their accessibility changed educational institutions, in¬ 
tellectual practices, and reading habits. At universities, students could afford 
small, roughly made editions, sometimes with extra pages at the end for note 
taking; and instead of relying wholly on lectures and the oral traditions of 
education, students began to rely on the scripted traditions of books: ency¬ 
clopedias, dictionaries, monographs, and illustrated volumes. Students as well 
as noblemen and merchants also began to amass books—the first library at 
the university in Padua, Italy, was begun by German students—and to read 
silently. This shift to silent reading hints at the radical impact of movable type 
and the technology of print on the development of the individual. 

The rapid spread of printed material encouraged alternative political and 
religious opinion. After 1517, when Martin Luther openly criticized the cor¬ 
ruption of the Catholic Church, the fervor for alternative religious views and 
communities began to take shape with the help of vernacular Bibles, pam¬ 
phlets, and other literature. Indeed, in England, before Henry VIII broke with 
the Catholic Church, the government attempted to censor and prevent these 
publications, actions that attest to the power of this new technological resource. 

The spread of print also helped to shape a new set of intellectual practices 
among elite, learned Europeans (those who knew Latin) and the unlearned 
or “un-Latined” people, including barbers, surgeons, midwives, and artisans. 
As scholars were freed from the painstakingly slow work of producing man¬ 
uscripts (literally, texts “written by hand”), they recognized the value of print 
and began to work on editions of classical texts of both Greek and Roman 
origin. Renaissance means “rebirth,” and these scholars set out to recover and 
revive the ideas and eventually the practices of the classical age, for which 
they were called humanists and their program, humanism (a later term de¬ 
rived from studia humanitatis). Humanism sought to appropriate Greek and 
Latin learning, focusing on the disciplines of grammar, rhetoric, and poetics to 
transform students into active, politically engaged, and ethically responsible 
citizens. Humanism, these pedagogues argued, prepared students for the lively 
world of political debate by training them in legal constructs of argument and 
in eloquence. While the 15th century (1400s) witnessed a gradual spread of 
humanistic inquiries and educational initiatives, the 16th century (1500s) re¬ 
veals the fruits of those efforts. 

In 1513, Niccolo Machiavelli (1469-1527), author of The Prince, wrote a 
letter to Francesco Vettori in which he associated the book as much with the 
development of liberal thought as with the image of a noble humanist: “When 
evening comes, I return home, and I enter into my study; and at the door I 
take off my everyday dress, full of mud and dirt, and I put on royal and courtly 
clothes; and decently dressed I enter into the ancient courts of ancient men 
. . . [and] for four hours at a time I feel no boredom. I forget all trouble, I do 
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not fear poverty, death does not frighten me. I put myself completely at their 
disposal” (93-95). Withdrawing from the world and taking refuge in the pri¬ 
vate, silent space of his library, Machiavelli read the works of the ancients, 
reconstituted their dilemmas, and sought to learn equally from their successes 
and their failures. The book, the library, the resonance between ancient and 
contemporary courts—these features became part of the material culture of 
the Renaissance. They signified not only material wealth but also the noble 
spirit that humanists first celebrated. They would be duplicated and adapted 
by men and by women, for soon women humanists emerged in various Eu¬ 
ropean cities and courts. 


Women Writers 

In a now famous essay, “Did Women Have a Renaissance?” Joan Kelly-Gadol 
suggested that medieval women enjoyed a range of liberties, including sexual 
ones, that were not extended to women in the Renaissance. Some medieval 
women had access to property ownership if spouses and fathers died; other 
medieval women, such as Marie de France, were sophisticated poets, gifted 
at articulating their desires in a language that blended the eroticism of Scrip¬ 
ture with that of court culture. Medieval women writers were not merely the 
objects of male desire or of the chivalric narratives of conquest; rather, women 
helped to shape the literary traditions of their day, using the cliches or con¬ 
ventions of romance to transform the heroine from a passive object into an 
agent in hot pursuit of her beloved. Writing before many of the texts of Ren¬ 
aissance women had been discovered, Kelly-Gadol focused on the texts of 
medieval women writers, illuminating early developments in women’s history. 
Following her lead, subsequent scholars have recovered the writings of Ren¬ 
aissance women, demonstrating the many ways that these women responded 
to the social and political forces that served to constrain them. 

One Renaissance text that encouraged women to write or that seems to 
have demanded a response from its female audience was The Book of the 
Courtier (1528) by Baldesar Castiglione (1478-1529). The Courtier provided 
a nuanced representation of court culture, specifically the court of Urbino. 
Written as a dialogue, the courtiers set out to describe the ideal courtier. Writ¬ 
ten as a dialogue between courtiers and courtesans, the text begins with the 
question of what constitutes the ideal courtier. The ideal courtier was sup¬ 
posed to embody the aspect of sprezzatura, a certain graceful nonchalance, 
and to possess extensive knowledge of the classics. Castiglione modeled his 
courtier on the Renaissance humanist and made humanist learning the means 
of attaining power and prestige at court. When the interlocutors discuss the 
relationship between the ideal courtier and the courtesan, they struggle with 
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Title page ofBaldasar Castiglione’s The 
Book of the Courtier, 1528. (Lebrecht 
Music & Arts/The Image Works) 



hierarchy and complementarity. Was the courtesan ideally subordinate to the 
courtier or a complement? And if a complement, then how learned should 
she be? As they explore the question of women’s education, it becomes clear 
that the ideal courtesan was based on more than humanist learning. If she is 
learned, the courtiers wonder, should her learning have consequences—for 
policy making or advising the prince—or should it be merely ornamental, a 
testament to the wealth and nobility of the court itself? While much debate 
ensues and several comments about equality emerge, one interlocutor seals 
the fate of women. If the courtesan is to have knowledge of all things, will 
she then go on to govern cities? His question allowed the anxiety around the 
publicly accessible female, the appropriately humanist courtesan, to crystal¬ 
lize. Although the conversation turns in another direction, the issue would 
emerge repeatedly in the texts of Renaissance women writers. 

The question of whether a woman could or should govern joined questions 
about whether women were capable of intellectual inquiry; these questions 
were subsumed by the broader debate on women’s natural inferiority. Known 
in its literary manifestation as the querelle desfemmes, the “Woman Question,” 
this debate was wide ranging, attracting European and English authors and 
eliciting various responses. Veronica Franco (ca. 1546-1591), a Venetian cour¬ 
tesan, published a collection of letters and poems that established her presence 
among Venetian noblemen, especially those responsible for the governance 
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of that city-state. Her writing displayed her humanist education; it also turned 
the traditions of love poetry to her favor. Condemning a critic of hers, she 
transformed the language of chivalry into her own, poetic defense. 

As if jolted awake from sweet sleep all at once, 

I drew courage from the risk I’d avoided, 
though a woman, born to milder tasks; 
and, blade in hand, I learned warrior’s skills, 
so that, by handling weapons, I learned 
that women by nature are no less agile than men 
(Poems and Selected Letters, Capitoli 16) 

Franco indicated that her “blade” was, in fact, her pen, which she used to 
negotiate the humanist world of Venetian nobility, to establish and defend 
her authority as an independent, learned woman. 

A similarly critical edge is visible in the work of Moderata Fonte (Modesta 
Pozzo, 1555-1592). A Venetian noblewoman rather than a courtesan, Fonte 
operated under different constraints. Like most Venetian noblewomen, she was 
supposed to remain indoors, sheltered and away from public scrutiny. For 
Fonte, this became the context of her dialogue, The Worth of Women (1600). 
Like Castiglione’s work, Fonte’s dialogue included several interlocutors, de¬ 
bates on a range of issues, and witty exchange. Unlike Castiglione, however, 
Fonte made all of her interlocutors female, stressing the different perspectives 
that unmarried virgins, wives, and widows brought to the topic of the worth 
of women. Fonte, that is, transformed the traditional or conventional nature 
of the dialogue to her advantage, using it to explore the issues that faced Ren¬ 
aissance women and to expose the nature of inequality. 

Like other learned women, Fonte obtained her education under atypical 
circumstances. When her brother returned home from school, she would beg 
him to explain to her the many things he’d learned that day. Her brother’s 
sympathy in these early years became open support in later years when he 
helped to connect her to noblemen interested in her publishing career. The 
themes of education for women and the intellectual inferiority of women 
occupy much of Fonte’s dialogue. Early in Fonte’s dialogue, one interlocutor 
explains: “This pre-eminence [of men] is something they have unjustly arro¬ 
gated to themselves. And when it’s said that women must be subject to men, 
the phrase should be understood in the same sense as when we say that we 
are subject to natural disasters, diseases and all the other accidents of this life: 
it’s not a case of being subject in the sense of obeying, but rather of suffering 
an imposition; not a case of serving them fearfully, but rather of tolerating 
them in a spirit of Christian charity, since they have been given to us by God 
as a spiritual trial. But they [men] take the phrase in the contrary sense and set 
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themselves up as tyrants over us, arrogantly usurping that dominion over 
women that they claim is their right, but which is more properly ours” (59). 
So bold and direct, Fonte’s prose startles and reminds us that Renaissance 
women, even in the rich, cosmopolitan context of Venice, were severely lim¬ 
ited in terms of their access to the public sphere, to political agency, and to 
social mobility. Equally, however, her remarks reveal that Renaissance women 
were highly articulate about their situation and about the possibility of change. 

If Moderata Fonte set up her dialogue among women to dramatize the 
merits of a female community and to highlight by contrast the faults of the 
existing male community, Lucrezia Marinella (1571-1653) produced a polem¬ 
ical tract that sought to effect change more directly. Marinella was the daugh¬ 
ter of a physician, learned in literary traditions and, one must imagine, in 
medical ones. Her work, The Nobility and Excellence of Women and the 
Defects and Vices of Men (1600) was written as a forceful and immediate re¬ 
sponse to a misogynist tract by Giuseppe Passi. In her chapter on the nature 
and essence of the female sex, Marinella rehearsed the arguments in favor of 
female superiority, but she also added a catalogue of classical and contem¬ 
porary philosophical and literary sources that served as evidence for her point. 
Finally, she transformed the typical discussion of beauty—women could 
serve as ornaments to a society or a court because they were beautiful—into 
a sustained discussion of the inherent link between beauty and nobility: be¬ 
cause they are more beautiful than men, women are also more noble in spirit; 
that is, a woman’s body is beautiful because it is the vessel for her noble 
spirit. The debates on the nature of women were also reflected in the Ren¬ 
aissance medical and scientific traditions, for as female practitioners such 
as midwives began to write treatises on medical care, they made powerful 
arguments in favor of the superior inclinations and capabilities of women. 


Women and Vernacular Science 

Like learned women, who resisted and responded to a range of social and 
political constraints through writing, women practitioners and professionals 
similarly responded to these restrictions in writing. Nowhere is this as clear 
as in the evolving relation between midwives, surgeons, and physicians. While 
the early Renaissance saw midwives as the appropriate and often expert prac¬ 
titioners of the birthing chamber, the midwife’s authority was slowly eroded. 
This erosion was in part due to the educational disparities between physicians 
and midwives, between practitioners trained at the university (a learned cul¬ 
ture) and those trained typically by long apprenticeships with other midwives 
(a vernacular culture). In the l6th century, moreover, many city ordinances 
instructed midwives to call for a physician or a surgeon if there were any 
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problems with a delivery. Both the exclusion from university education and 
the new scientific study of childbirth helped to deteriorate the image of the 
successful, female midwife. In the midst of this development, however, fe¬ 
male midwives took up their pens, writing sophisticated and polemical treatises 
in favor of female birth attendants and female expertise. 

The importance of print to these developments should not be overlooked. 
Women chose to write and to seek publishing opportunities just as female 
readers became a more important segment of the book market. Vernacular 
readers, especially women, were interested in books that responded to issues 
of health. An array of medical manuals was available ranging over such di¬ 
verse topics as how to read urine, how to treat insomnia and cramps to the 
salutary effects of mineral baths and separate herbals for boils, fistulas, and bad 
breath. Female readers, in particular, were familiar with technical writing that 
dealt with domestic technologies such as cooking and silkworm propagation, 
and household “physick” as well as midwifery. In England, for example, 
between 1475 and 1575, the 85 practical guides directed to women generated 
290 editions. Indeed, the numerous editions on technical subjects indicate that 
the expansion of the book trade depended on a thirst for practical—not just 
literary or historical—works, suggesting that technical manuals constituted a 
major part of the public reading culture during the period. 

Appealing to this market, Louise Bourgeois (1563-1636) wrote Various 
Observations concerning sterility, miscarriages, fertility, births and diseases 
of women and newborn children (1626), a midwifery manual that celebrated 
her skill and experience as well as her learning. Married to a surgeon and 
living in Paris, Bourgeois had access to a great deal of technical, medical ed¬ 
ucation; she became the midwife for the royal court and eventually to Marie 
de Medici. Written at the height of her successful career, her manual combines 
technical education with hands-on expertise, two features that were to be¬ 
come standard themes in subsequent midwifery publications. 

In her Midwives Book (1671), Jane Sharp, a London midwife, emphasized 
her experience and her learning, especially her awareness of contemporary, 
academic debates about anatomy. Sharp, however, was inclined to privilege 
her experience, which consisted of more than 30 years of successful practice. 
She celebrated the art of midwifery alongside her own diligence, dedication, 
and success. For Sharp, female expertise in the birthing chamber depended 
on experience (and proper training) as well as the natural inclinations of the 
female sex. Sharp also highlighted various problems with academic medicine. 
She presented an image of learned medicine that was fractured, argumenta¬ 
tive, and incapable of arriving at a consensus. In direct contrast, Sharp created 
an image of a female-dominated community of birthing experts, a community 
that was coherent, integrated, lively, and in agreement on many issues con¬ 
cerning birth and the health of both mother and child. Like Jane Sharp, Justine 
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Siegemund (1636-1705), a German midwife, took up her pen to argue force¬ 
fully for the expertise and authority of female midwives. In The Court Midwife 
(1690), she claimed that she acquired her special skills because she was a 
woman. Initially a successful strategy, this eventually was used to criticize 
and dismantle her authority (and the authority of many midwives). 

Kept from the more scientific study of childbirth, midwives were less prac¬ 
ticed with the tools of child birthing, such as the forceps. Frequently used by 
surgeons, the forceps allowed practitioners to deliver babies who would not 
be deliverable using the hands alone. The tool was invented by Peter Cham- 
berlen (1560-1631) in early 17th-century England. Surgeons began to develop 
a reputation for expertise and technological skill in the birthing chamber and 
this allowed them to encroach on the midwife’s clientele. In the 18th century, 
the debates continued. Favoring female attendants, many authors relied on 
norms about modesty—that it was improper for a man to examine a woman’s 
body—and on the notion that women, because they were female, were in¬ 
herently better at caring for other women. Those favoring male attendants, 
though, emphasized formal education and technological skill. It was the issue 
of who could guarantee safe delivery of mother and child that eventually car¬ 
ried more weight than moral arguments about modest behavior. Thus, while 
medical men gained the experience that traditionally only midwives possessed, 
midwives did not in turn come to be regarded as medical practitioners. 


Women, Men, and Learned Science 

In the 16th century, vernacular or popular writings proliferated; women be¬ 
gan to publish literary works and medical treatises. While these changes were 
afoot, the learned cultures of the Renaissance were also changing. Responses 
to humanism began to take shape. Andreas Vesalius (1514-1564), an anatomist 
working in Bologna and Padua in the 1540s, set out to recover the anatomical 
studies of the ancient anatomist, Galen (second century AD). In 1543, he pub¬ 
lished The Fabric of the Fluman Body, a monumental textbook with exquisite 
woodcuts of dissected bodies and anatomical parts. Vesalius sought to “raise 
from the dead” the ancient art of dissection, which Galen had first perfected. 
But Vesalius went one step further. He lamented the ways that anatomists and 
medical humanists depended more on books than on cadavers and other 
specimens; they, he said, “croak away” about things they have read but never 
seen “with their own eyes” (dedication). As a Renaissance humanist, Vesal¬ 
ius resuscitated Galen’s works, but by the 1540s, that resuscitation was 
openly critical of many humanist practices. So characteristic of late-human- 
ist thought, that opposition marked a new direction that was to be instru¬ 
mental to the Scientific Revolution. 
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The desire for change is also clearly evident in the work of Francis Bacon 
(1561—1626), often called the architect of the New Science. In his first major 
work, The Advancement of Learning (1605), Bacon ridiculed the medieval, 
intellectual traditions of scholasticism and attacked the syllogism as the key 
example of circular, repetitive reasoning. Like Vesalius, Bacon distinguished 
himself from humanists who merely parroted the words of the ancients. He 
depicted scholasticism as stale, repetitive, and traditional and highlighted to 
a greater extent the failures of the humanist enterprise. In the treatise on 
blood circulation (1628), William Harvey (1578-1657) followed this path, 
insisting that observations rather than books should form the basis for claims 
about anatomical and physiological processes. Vesalius and Bacon also reflect 
a misogynist approach to the study of nature. As recent research has shown, 
the female body became the very symbol of nature; as the study of nature 
developed, the role of the natural philosopher (scientist) was to penetrate the 
“secrets of nature,” a phrase originating from the tradition of the “secrets of 
women.” Fantasies of penetration and even rape would later combine with 
the rhetoric of imperial conquest, signaling the darker sides of scientific in¬ 
quiry and progress. 

The rhetoric of innovation began to oppose the practices of humanism. 
In the introduction to On the Revolution of the Heavenly Spheres, Nicolaus 
Copernicus (1473-1543) referred to classical mathematics in order to pave a 
new road for mathematical study in the realm of astronomy (traditionally seen 
as theoretical rather than practical inquiry). By the late l6th and early 17th 
century, however, the tone was more confrontational. Galileo Galilei (1564— 
1642), the famous astronomer, celebrated his new observations of the moon’s 
uneven, jagged surface so that he could unsettle part of the foundation of 
Aristotelian natural philosophy—namely, that the universe was perfect in form. 
If the moon’s surface was uneven and more like the Earth’s surface, it was 
then clear that the universe was not formally perfect. In this and other ways, 
Galileo argued forcefully against the older, Aristotelian plan of the universe. 

Other disciplines began to explore questions that lay beyond the strict 
bounds of humanist thought. Rene Descartes (1596-1650) composed the Dis¬ 
course on Method (1637) and Meditations on First Philosophy (1641) around 
the idea that he could overcome doubt with the principle “I think, therefore 
I am” or better, when I am thinking, I exist. Descartes argued that the mind 
and the body were distinct. In the Discourse, he claimed to abandon the 
study of letters and pursue his personal desire for new, more solid founda¬ 
tions. Tellingly, he noted that only mathematicians were able to demon¬ 
strate “certain and evident” reasoning. Abandoning the humanist enterprise, 
the study of letters, and hinting at the new role attributed to mathematics, 
Descartes embodied the sentiments most closely associated with the Scien¬ 
tific Revolution. 
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While Descartes’ ideas would lay the groundwork for rationalism and be 
heavily criticized by Thomas Hobbes and others, the reception of his ideas 
among female readers is intriguing. Women were attracted to ways that 
Descartes’ split between the mind and the body served to place the mind 
above the body. This hierarchy of intellect and reason over nature presented 
women with a system or a set of ideas that freed them from the linked rela¬ 
tionship between woman, body, and nature. The proper use of a woman’s 
mind was revealed through her reason, her serious engagement with the world, 
rather than her ability to be an ornament to that world. Women, that is, could 
be more than social butterflies. 

Although 17th-century women did not employ Descartes’ ideas in an or¬ 
thodox way, they did use his ideas to elaborate the theme of the worth of 
women, particularly the worth of women’s mental faculties. Mary Astell (1668- 
1731) wished to extend the role of a woman beyond that of wife, mother, 
and nun; she proposed an institution that would operate like a secular con¬ 
vent where women could live, study, and teach. Margaret Cavendish (1623- 
1673) recognized these themes in her writing; she also sought to penetrate 
the male world of science. Cavendish, the Duchess of Newcastle, published 
several works that ranged from literary to historical to philosophical or natural 
philosophical (scientific). She drew attention to the poor education that 
women received at public institutions; she noted that they were subordinated 
within the home and limited by the demands associated with childbirth; and 
she explored and lamented the vision of woman as incompetent, unintelli¬ 
gent, and irrational. However, she also indicated that these views were due 
to the few contributions made by women, implying that this was not because 
of educational disparity but rather inherent capability. Difficult to assess, her 
works are openly critical of institutional inequality and of women themselves. 
Her enthusiasm for science was reflected in her focus on the smallness of 
atoms and her ability to imagine alternative worlds within this world, an idea 
that captures her creativity and poetic potential as well as her interest in the 
developments of science and her ongoing commitment to political debate. 

By the mid-17th century, scientific inquiry began to occur not only at uni¬ 
versities but also at meetings held by learned societies. These societies 
appeared across Europe and in England. The Royal Society of London held 
regular meetings at which members would debate recent findings, share the 
results of their research, and conduct live (sometimes spectacular) experi¬ 
ments. In this semiprivate context, Robert Boyle (1627-1691) conducted his 
experiments with the air pump, built largely by Robert Hooke (1635-1703). 
In addition to building experimental apparatuses, Hooke is well known for 
his work with the microscope and his published study, Micrographia (1665). 
Even at this late date, science was open to its surrounding culture, for Hooke 
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described the “new worlds” that he viewed in the microscope and the scientist’s 
mandate to “conquer” them. In doing so, he echoed overtly the discovery of 
non-European lands, marking an early instance of the close relationship be¬ 
tween science and imperialism. 

Isaac Newton (1642-1727), mathematician and natural philosopher, studied 
the work on optics done by Boyle and Hooke as well as Descartes. He con¬ 
ducted his work at Cambridge University, but it was not until 1715 that he 
published his research on optics, forced to wait until his critics were dead. In 
the area of mathematics and cosmology (the structure of the universe), New¬ 
ton published his major study, the Mathematical Principles of Natural Phi¬ 
losophy, in 1687. There, Newton demonstrated the principle of gravitation. In 
addition, while Newton contributed to many areas of mathematical study, he 
is best known for his solutions to the contemporary problems in analytical 
geometry of drawing tangents to curves and quantifying the areas bounded 
by those curves, which are known today as differentiation and integration. 
In 1675, Gottfried Wilhelm Leibniz (1646-1716) set out his first principles of 
differential calculus. Though Newton indicated these as early as 1676, Leibniz 
seems to have evolved them independently. An active debate ensued, how¬ 
ever, with Newton’s friends and Leibniz’s friends seeking to claim priority. 

Leibniz received a great deal of support from his friend, Sophia Charlotte 
of Hanover (1668-1705), first Queen of Prussia. Leibniz was her tutor, but 
in later years, she became an advocate for his work, persuading her husband 
to provide financial support to the Berlin academy of sciences where Leib¬ 
niz worked and thrived. Even earlier, however, in 1697, Sophia Charlotte 
suggested the building of an astronomical observatory at Lutzenburg, which 
Leibniz used to promote his proposals for a full-scale scientific society. The 
proposals were eventually accepted; the Society received a charter in 1700, 
and Leibniz was made president. According to the letters exchanged between 
them, Leibniz also gave support and encouragement to Sophia Charlotte, for 
it was no secret that Sophia’s husband kept a mistress at court and that this 
mistress, unlike Sophia, was less interested in intellectual matters. Judging from 
her letters, Sophia turned with relief and delight to discussions of philosophy 
and theology with Leibniz and others. 

While the period began with Machiavelli, who escaped daily toil by with¬ 
drawing into his library where he could engage in a conversation of sorts 
with the classical philosophers and historians of ancient Greece and Rome, 
it may be said to end with Sophia Charlotte, who surrounded herself with 
learned men so that she—sensitive, learned, and inquisitive—might escape 
the domestic difficulties of her marriage and engage the burgeoning world of 
Enlightenment science and letters. While the Renaissance witnessed so many 
changes in the political, social, and technological terrain of Europe, it did so 
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with the industry, perseverance, and desire of women as different as Veronica 
Franco and Margaret Cavendish, women who are now being appreciated for 
the full impact of their work. (See also Early Modern Health) 
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Marilyn Bailey Ogilvie 


Eighteenth-century intellectuals accepted, articulated, expanded, and clarified 
the idea that men and women had radically different natures. One of the most 
enigmatic and influential philosophers of this time was Jean-Jacques Rousseau. 


Jean Jacques Rousseau (1712-1778) 

Rousseau’s mother died shortly after his birth, and he was raised by his aunt. 
Although Rousseau did not have a formal education, his profligate watchmaker 
father, Isaac, taught his son to love books, music, and ideas. At first appren¬ 
ticed to the city notary or registrar and second to a young engraver, Rousseau 
despised them both. After working for only three years of a five-year contract, 
Rousseau left the second apprenticeship and worked at various menial jobs 
(Damrosch 2005). He was befriended by Baronne de Warens, who further 
exposed him to books and ideas. 

In spite of his background, Rousseau became one of the Enlightenment’s 
most original thinkers. Noted for his political philosophy expressed in The 
Social Contract, he influenced the American Founding Fathers and the French 
Revolutionaries. His Confessions provide us with a record of his life through 
his own eyes and were important in establishing the genre of autobiography. 
His own personal life was chaotic and his recollections of it, written much 
after the fact, reflect his own obsessions and fears. His views concerning 
women are somewhat contradictory. While he put women on a pedestal to 
be worshipped, his view as to their place in society was inimical to their suc¬ 
cess in intellectual pursuits. Rousseau was a mass of contradictions. In his 
book on education, Emile, he stated that children should be allowed to de¬ 
velop according to their natural abilities. But he put his own children in a 
foundling home as soon as they were born. While making an inspired case 
for social equality, he formed close friendships with aristocrats and endorsed 
female subservience. 
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Rousseau wrote in Emile that “a perfect woman and a perfect man ought 
not to resemble each other in mind any more than in looks” (Rousseau 1979, 
358). It is the nature of man and woman to complement each other with man 
being the strong, rational partner and woman the weak, sensuous one. Going 
against nature would be futile. “Boys seek movement and noise: drums, 
boots, little carriages. Girls prefer what presents itself to sight and is useful 
for ornamentation: mirrors, jewels, dresses, particularly dolls. The doll is the 
special entertainment of this sex. This is evidently its taste, determined by its 
purpose” (Rousseau 1979, 367). The difference in temperament should dictate 
the kind of education that each receives. “Once it is demonstrated that man 
and woman are not and ought not to be constituted in the same way in either 
character or temperament, it follows that they ought not to have the same 
education” (Rousseau 1979, 363). Rousseau wrote that a girl’s education 
should provide her with the skills that would make her an asset to a man. 
Women should please and be useful to men and make themselves loved and 
esteemed by them. They should educate boys when they are young and take 
care of them when grown up. They should advise, console, and render men’s 
lives easy and agreeable (Rousseau 1979, 365). This view of women was shared 
by many 18th-century intellectuals, but not by Mary Wollstonecraft, who had 
an entirely different view of the capabilities of women. 


Mary Wollstonecraft (1759-1797) 

Wollstonecraft in her Vindication of the Rights of Woman complained that 
men were not content with being physically superior to women but encour¬ 
aged them to pursue the trivial. When women complied, the men whom they 
sought to please were upset because they appeared shallow and uninterest¬ 
ing. In a culture such as this one, it was difficult for women who wanted to 
engage in scientific pursuits to find ways to do so. In spite of the effort in¬ 
volved, some women defied the stereotype of woman as a frivolous creature 
without the interest or the ability to pursue difficult science. 

Wollstonecraft had a miserable childhood with a father who drank too 
much and who beat his wife. Mary, the second of seven children, was self- 
educated except for a short stay at a day school in Yorkshire. Her tyrannical 
father had a difficult time supporting his family at farming, and they moved 
many times hoping to find success. In 1778 Mary took a position as a com¬ 
panion to a Miss Dawson in Bath. After two years in this job, she shared quar¬ 
ters with her childhood friend, Fanny Blood. After Mary’s sister Eliza left her 
husband and child because of an unhappy marriage, she moved in with Mary 
and Fanny. The three women established a school at Newington Green. Al- 
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An 18th-century British writer and ed¬ 
ucator, Mary Wollstonecraft lived a 
short, bold life filled with interesting 
companions and revolutionary ideas. 
(Library of Congress) 


though the school failed, Mary’s experiences there formed the basis for the 
educational theories espoused in Thoughts on the Education of Daughters 
(1787) (Flexner 1972). 

Wollstonecraft’s friend Fanny Blood married, became pregnant, and moved 
to Lisbon, and Wollstonecraft went to Lisbon to assist her. However, both Fanny 
and her child died, and Wollstonecraft returned to England. She accepted a 
job as a governess in Ireland, where she wrote a novel, Mary, a Fiction. After 
she was dismissed from her position, she decided to pursue a literary voca¬ 
tion. Among her many writings was her Vindication of the Rights of Men 
(1790), a radical work replying to Burke’s Reflections on the Revolution in 
France. In 1792, she published the even more radical feminist tract, A Vin¬ 
dication of the Rights of Women —a work that had a profound effect on the 
education of women. Enamored with the French Revolution, she went to 
France in 1792, where she met with other English supporters of the Revolu¬ 
tion, including Tom Paine. In 1793 she published An Historical and Moral 
View of the French Revolution, the same year that she began an affair with a 
former officer in the American Revolutionary Army, Gilbert Imlay. This rela¬ 
tionship was a disaster. Imlay abandoned her to care for their child, Fanny, 
who was born in 1794. Upon discovering Imlay’s infidelity Wollstonecraft 
twice attempted suicide. She worked for the publisher Joseph Johnson, for 
whom she had previously worked, for a second time in 1796 in London, where 
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she met William Godwin, whom she married after she became pregnant. Ten 
days after the birth of their daughter Mary (later Mary Shelley), she died of 
puerperal fever (Flexner 1972). 

Wollstonecraft’s arguments in the Vindication of the Rights of Women chal¬ 
lenged Rousseau’s ideas on female intellectual inferiority and claimed that 
women should have opportunities for equal education, employment (for sin¬ 
gle women), and an open relationship with men. As a polemicist, she focused 
the attention of her society on social and sexual inequalities; however, most 
people looked with horror at her ideas. 


Erasmus Darwin (1731-1802) 

In the 18th century, most girls were educated at home, but a smaller group 
attended boarding schools. Many of these schools stressed ladylike accom¬ 
plishments such as drawing, music, and embroidery, whereas others included 
modern and classical languages. Science, however, was largely ignored in the 
curriculum. Two of the three influential writers on contemporary education 
(Hannah More and John Burton) did not include science when they discussed 
curricula. The third writer, Charles Darwin’s grandfather, Erasmus Darwin, in 
his book A Plan for the Conduct of Female Education in Boarding-Schools 
(1797) included science and mathematics within the curriculum. He consid¬ 
ered zoology, botany, chemistry, applied science, mathematics, and shorthand 
suitable subjects for young women to study (Ogilvie 1986). 

Erasmus Darwin was a doctor by profession (George III tried to convince 
him to become his personal physician) and a scientific revolutionary, devel¬ 
oping a concept of biological evolution 50 years before publication of On 
the Origin of Species by his grandson. He was also a social revolutionary, sup¬ 
porting both the American (he was a good friend of Benjamin Franklin) and 
French revolutions. During his lifetime he gained fame as a poet. A group of 
his friends including some of the more interesting people in England chris¬ 
tened themselves the Lunar Society of Birmingham and met once a month 
during the time of the full moon. This group expanded and was influential in 
Darwin’s life (King-Hele 1977). 

Darwin’s first wife was Mary Howard. After many years of ill health and a 
marriage of 13 years, she died leaving three sons, Charles, Erasmus, and Robert. 
Alcoholism was a factor in her death. After Mary’s death Darwin had a liaison 
with a Miss Parker who bore him two daughters, Susan (b. 1772) and Mary 
(b. 1774). The two girls spent their childhood in Darwin’s house and were 
treated like his children born in wedlock. He married Elizabeth Pole in 1781, 
who had three children of her own plus the illegitimate son of her dead hus¬ 
band. Erasmus and Elizabeth had six children together. With this large family 
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it is not surprising that Erasmus Darwin was interested in educational reform 
(King-Hele 1977). 

Unhappy with traditional education, Darwin decided to set up two of his 
14 children (Susan and Mary Parker) in a school of their own where they 
could try out some of his ideas on education. In 1793, Darwin’s friend Sir 
Brooke Boothby offered him a house at Ashbourne, 15 miles northwest of 
Derby. Darwin bought the house, which had previously been a pub, and con¬ 
verted it into a “ladies’ seminary.” The school opened in 1794. The first pupils 
in the school were his own children and the children of his friends. Before 
long, the school had 30 pupils and had gained a good reputation. Darwin’s 
little book A Plan for the Conduct of Female Education in Boarding-Schools 
was written at the request of Susan and Mary when they set up the school. 
He opposed the idea that girls were unable to master difficult subjects. He 
begins the book by highlighting the importance of physical education for 
girls. Exercise and air should be emphasized; music and dancing are stressed 
too much in the usual seminary curriculum. Modern languages, not Latin and 
Greek, and the sciences should be a part of the program. His reforms covered 
most aspects of life in the school. This school was a success and represented 
an early step toward sexual equality. Although many of the leading families 
in the Midlands sent their children to Ashbourne, his innovations were not 
widely accepted elsewhere. Only two schools, Margaret Bryan’s school at 
Blackheath and Mrs. Florian’s at Epping Forest, followed his program (King- 
Hele 1977). 

Women were increasingly involved in the scientific enterprise during the 
18th century. Their participation covered a variety of fields, but few of them 
are well known. For example, the French anatomist, Marie Catherine Biheron 
(1719-1786) turned her artistic skills to preparing anatomical models from 
wax. The models were so realistic that a contemporary mentioned that all 
that they lacked was the odor of the original. Her models were used by mid¬ 
wives to teach their students. Another woman, Italian anatomist Anna Morandi 
Manzolini (1716-1774), was also an expert in making wax models. A skilled 
craftsperson, she did careful dissections that resulted in anatomical discov¬ 
eries, including the termination of the oblique muscle of the eye. 

An expert in the Linnean sytem, Jane Colden (1724-1766) was an American 
botanist whose work involved classification and cataloging of plants. She 
made large collections of plant specimens and exchanged them with corre¬ 
spondents. French illustrator Marie Anne Pierrette Paulze (1758-1836) was 
the wife of the chemist Antoine Laurent Lavoisier who used her artistic skills 
to make sketches of experiments and experimental apparatuses. She drew 
the diagrams for Lavoisier’s treatise The Elements of Chemistry (1789) and her 
illustrations are scattered throughout his laboratory notebooks. She translated 
Richard Kirwan’s work Essay on Phlogiston (1787) along with a commentary 
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by her husband. After Antoine Lavoisier was executed, she married the physi¬ 
cist Sir Benjamin Thompson, Count Rumford. The marriage was not a success 
and the couple separated. German astronomer Maria Margaretha Winkelmann 
Kirch (1670-1720) was the wife of Gottfried Kirch. Marrying Kirch increased 
her chance to pursue her astronomical interests as her husband’s assistant. The 
couple’s children, Christfried (1694-1740), Christine (ca. 1696-1782), and Mar¬ 
garetha (b. ca. 1700) became astronomers as well (Ogilvie and Harvey 2000). 

Scientific didactic writings were common during this century. For example, 
Priscilla (Bell) Wakefield (1751-1832) was a British writer for children on 
botany and natural history. In her botany book Wakefield used the corre¬ 
spondence between two teenage sisters to introduce children and young peo¬ 
ple to botany. She explained the Linnean classification system and presented 
basic essentials of plant morphology. Probably the most important didactic 
writing on natural philosophy was written by Jane Haldimand Marcet (1769- 
1858). With the encouragement of her physician husband, Alexander Marcet, 
she was able to indulge the taste for popular science that had developed dur¬ 
ing the 18th century. Her Conversations on Chemistry (1809) was enthusias¬ 
tically received and was followed by other “Conversations” books. Michael 
Faraday (1791-1867) praised Conversations on Chemistry throughout his life 
and claimed that it introduced him to electrochemistry. It is evident that 18th- 
century women were delving into many branches of science. Maria Agnesi 
was one of the more important and better-known examples (Ogilvie and Har¬ 
vey 2000). 


Maria Gaetana Agnesi (1718-1799) 

Maria Agnesi was a child prodigy whose father encouraged his gifted daugh¬ 
ter in her intellectual pursuits. By the age of five she spoke French fluently 
and had an excellent command of Latin by age nine. When she was 11, her 
competence in Italian, Latin, French, Greek, Hebrew, German, and Spanish 
earned her the title of the “Seven-Tongued Orator.” She gained a reputation 
as a scholar and debater, with disputations ranging over a wide subject area 
including logic, physics, mineralogy, chemistry, botany, zoology, and ontol¬ 
ogy. Her father took advantage of every opportunity to show off his brilliant 
daughter by inviting groups of people to their home for performances by 
Maria. In 1738, at one of these events, she defended 190 theses as a finale for 
her studies. A compilation of these arguments, published as the Propositiones 
philosophicae, did not contain any of her purely mathematical ideas. How¬ 
ever, other documents indicate that she had an early interest in mathematics 
and that by the time she was 14 she was solving difficult problems in ballistics 
and geometry ( The Contest for Knowledge, 2005). 
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Agnesi’s physical and mental health suffered from the strain of always need¬ 
ing to appear perfect to her father. She pursued her studies with an obsessive 
zeal and in 1730 contracted a stubborn illness that her physicians blamed on 
an overabundance of study and a sedentary life. The prescribed treatment, 
dancing and horseback riding, was unsuccessful because she was unable to 
pursue even these activities with moderation. After the publication of Propo- 
sitiones philosophicae (1738), she shocked her father and teachers by an¬ 
nouncing that she planned to enter a convent. Her distressed father convinced 
her to reconsider. She promised him that she would not enter the order if he 
would agree to three conditions: she must be permitted to dress simply and 
modestly, to go to church whenever she wanted, and to abandon secular ac¬ 
tivities such as dancing and the theater (Frisi 1979). 

No longer burdened with social obligations, Agnesi began a work on an 
integrated discussion of algebra and analysis, emphasizing the mathematical 
concepts that were new to her day. The resulting work was the two-volume 
Instituzioni analitiche ad uso della gioventu, dedicated to Empress Maria 
Theresa of Austria, who responded by sending her a diamond ring and a 
letter in a crystal case. She also received laudatory letters from scientists and 
mathematicians and was even praised by Pope Benedict XIV. He sent her a 
gold medal and a wreath containing precious stones set in gold. Even more 
unusual was her appointment, at Benedict’s request, to the chair of mathe¬ 
matics and natural philosophy at the University of Bologna. Although she 
never taught at Bologna, Agnesi accepted the position as an honorary one 
(Anzoletti 1900; Ogilvie and Harvey 2000). 

The praise that she received for this book would seem to have presaged 
a sterling career for this woman mathematician. However, her physical and 
mental health began to decline again and she turned away from mathematics 
and became even more involved with the Church. She reported that the doc¬ 
tors had forbidden her to study because of a persistent headache. Rather than 
pursuing mathematics, she spent much of her time working at the Parish hos¬ 
pital. When she was at home she separated herself from the rest of her large 
family, having persuaded her father to give her rooms in a remote part of the 
house. After her father’s death in 1752, Agnesi increased her isolation from 
the world, refusing to correspond with or visit men from the academic world. 
Her life became completely focused on the Church. She gradually gave away 
her inheritance to the poor, including the ring given to her by Maria Theresa. 
When her own resources were exhausted she begged money from others to 
help the indigent. In 1783 she founded the Opera Pia Trivulzi, a charitable 
home for the aged in Milan and lived there for the rest of her life as its director. 
Shortly before her death she became obsessed with the state of her soul, wor¬ 
rying that in senility she might forget to say her prayers (Anzoletti 1900; 
Ogilvie and Harvey 2000). 
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Agnesi clearly had the aptitude for great achievements in mathematics. Her 
personal demons interfered with her attaining this promise. Her major math¬ 
ematical publication, the Instituzioni analitiche, was written to provide a 
handy compilation for students, and its merit was recognized universally. Al¬ 
though it has sometimes been said that this book contained many new ideas, 
most critics suppose that while some of her methods were original, the work 
contains no original discoveries. Even the so-called Witch of Agnesi, the cubic 
curve with an equation of x 2 y = a 2 (a - y) usually credited to Agnesi, had ac¬ 
tually been formulated by Pierre de Fermat (1601-1665) and the name ver- 
siera (meaning “versed sine curve,” but also the Italian for witch) had been 
used for it by Guido Grandi in 1703. Maria Agnesi’s reputation for brilliance 
convinced her contemporaries that women were capable of abstract thought 
(Ogilvie and Harvey 2000). 


Laura Maria Caterina Bassi (1711-1778) 

Like Maria Agnesi, Italian anatomist and natural philosopher Laura Bassi was 
a child prodigy. Bassi, too, was well educated by tutors and paraded before 
Italian intellectuals, family, and friends to show her mastery of the traditional 
scholastic disputational form. She became a popular curiosity, discussing and 
debating philosophical questions. Academic scientists were convinced by semi¬ 
public displays of her skills (some involving scientific experiments) to admit 
her to the Academy of Science (March 20, 1732). As did Agnesi, she benefited 
from Pope Benedict’s patronage. While still Cardinal Lambertini, he arranged 
for her a public disputation in the Hall of the Elders. After her successful per¬ 
formance, Lambertini informed her that she would be eligible for a doctoral 
degree and a professorship at the university. She was awarded a doctorate 
after a second formal degree examination. The third disputation resulted in 
a professorship in philosophy, a handsome honorarium of 100 scudi annu¬ 
ally, and a medal with her portrait and a motto. Later, Agnesi was awarded 
an honorary chair in mathematics even though she lacked a degree (Ogilvie 
and Harvey 2000). 

On February 6, 1738, Bassi married Giuseppe Verati, a young physician. 
The couple had at least eight children (some sources say 12) and, as did Ag¬ 
nesi, Bassi suffered from poor health throughout much of her life. 

Laura Bassi was important to the scientific culture of Enlightenment Italy; 
however, few of her works have survived. She published only four works dur¬ 
ing her lifetime and they tell us little about her experimental and pedagogical 
activities. Paula Findlen cites an additional work published posthumously that 
places Bassi as a centerpiece linking the university, the salon, and the urban 
patricians (Findlen 1991). Since the Bolognese professors hesitated to allow 
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a woman to give regular lectures at the university, she did most of her ex¬ 
periments and teaching at home. Her family responsibilities also made this 
necessary. Supplying the apparatuses herself, she offered daily, well-attended 
classes in experimental physics. Charles de Brosses (1709-1777) and Joseph- 
Jerome Le Frangaise de Lalande (1732-1807) attended her classes when they 
visited from France. According to de Brosses, she occasionally presented pub¬ 
lic lectures wearing her robe and ermine mantle. 

Bassi had every advantage in her early life. She was brilliant, came from a 
wealthy family that provided her with the best possible education, and enjoyed 
the patronage of Cardinal Lambertini. However, even with this auspicious 
beginning, Bassi’s letters imply that she encountered numerous professional 
obstacles because of her sex. One incident involved the nomination of 20 
pensionari each year to give dissertations. Although Bassi was not selected, 
she devised a solution whereby she, as a member of the university, was se¬ 
lected as a supernumerary member. 


Gabrielle-Emilie Le Tonnelier de Breteuil, Marquise du Chatelet 
(1706-1749) 

F. mi lie du Chatelet at first glance might have appeared to be the kind of friv¬ 
olous woman about whom both Rousseau and Wollstonecraft complained. 
However, in spite of her reputation among some circles as spoiled and self- 
indulgent, she was intelligent, insightful, and diligent. She was important in 
French intellectual history as both a popularizer and translator of Newton. 
Her role in the integration of Newtonian and Leibnizian ideas in dynamics is 
significant. Like Agnesi and Bassi, Emilie, the youngest child of Louis-Nicolas 
Le Tonnelier de Breteuil, was surrounded by the best available governesses 
and tutors. Her marriage to Florent-Claude, marquis du Chatelet, was turbu¬ 
lent. After the birth of her third and last child by du Chatelet when she was 
27 years old, Emilie began to study mathematics seriously. She became reac¬ 
quainted with Voltaire, who had been a guest in her family’s household when 
she was a child, and her mathematical interests were tweaked again. After 
spending time in England, Voltaire returned to France saturated with the 
physics of Newton and the philosophy of John Locke. Official France was in¬ 
censed by the ideas expressed in his newly completed Lettresphilosophiques 
(1733) and banned the work. Madame du Chatelet not only shared Voltaire’s 
interest in science but was able to provide him with a retreat from hostile 
officials. She and Voltaire retired to the tolerant Marquis du Chatelet’s estate 
at Cirey. Since the marquis was often away, he allowed Voltaire to manage 
his estate in his absence. Occasionally, all three of them were in residence at 
the same time. Numerous petty intrigues, lawsuits, brilliant fetes, and dramatic 
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productions characterized Emilie’s 16 years at Cirey. Behind all of the frivolity, 
however, was a background of study and creativity (Zinsser 2006; Ogilvie and 
Harvey 2000). 

The affection between Voltaire and du Chatelet remained after their phys¬ 
ical relationship ended. They each fell in love with someone else. Emilie be¬ 
came pregnant by a young officer, Jean-Frangois, marquis de Saint-Lambert, 
and she and Voltaire conspired to get the Marquis du Chatelet to visit Cirey. 
When he departed three weeks later he was convinced that he was to be a 
father again. She spent her confinement in the palace of Stanislas I, former 
king of Poland, at Luneville where she worked frantically to complete her trans¬ 
lation of Newton’s Principia begun in 1744. Complications occurred after the 
baby’s birth and Mme. du Chatelet died. The baby died a few days later. 

Although physics and mathematics were her major intellectual interests, 
du Chatelet shared Voltaire’s interests in metaphysics and ethics. In the first 
half of the 18th century, thinkers considered the systems of Leibniz and New¬ 
ton incompatible. Voltaire had introduced her to Newtonian thought. While 
she remained impressed with Newton’s analyses, she was less than satisfied 
with his failure to relate theories in physics and metaphysics. After meeting 
Samuel Konig, a disciple of Leibniz’s interpreter Christian von Woff (1679- 
1754), she accepted his suggestion that agreeing with Leibnizian metaphysics 
did not preclude accepting Newtonian physical theories if one postulated 
that these theories were only involved with the phenomena. This realization 
led Mme. du Chatelet to accept a compromise between the two systems. She 
published this compromise in a textbook for her son, the Institutions de 
physique, published anonymously in 1740. Konig and du Chatelet quarreled 
over this book, with Konig complaining that she had merely published a 
collection of his essays. Du Chatelet’s appeal to the secretary general of the 
Academie des Sciences was futile. William H. Barber examined the question 
of the originality of this book and concluded that although the first chapters 
were rewritten after her conversion to Leibnizianism, she had not plagiarized 
Konig’s works (Besterman 1969). 

Before du Chatelet became involved in the Newton-Leibniz debate, she pro¬ 
duced an essay on the nature of fire in response to a contest announced by 
the Academie des Sciences on that subject. Voltaire had arranged for a small 
chemistry laboratory to be built at Cirey so that he could do research for the 
prize. He was unaware that du Chatelet was also using the laboratory and 
entering the competition. Neither won the prize but Voltaire arranged for their 
essays to be published with those of the winners in 1739. By the time of pub¬ 
lication, du Chatelet had modified her Newtonian ideas with Leibnizian ones. 
Although she petitioned the Academy to published a revised version, it refused, 
allowing her, however, to add a series of errata that reflected her new views. 
A revised version was published in 1744. 
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Du Chatelet’s work represents a solid contribution to the history of science. 
Her most important contributions were her translation of the Principia and 
the integration of Newtonian and Leibnizian mechanics (Besterman 1969). 


Catherine Littlefield Greene (1755-1814) 

Catherine Littlefield Greene is best known as a patron of inventor Eli Whitney. 
She may have provided design assistance to him, but the extent and nature 
of her contributions are not clear. Rhode Island-born Catherine was the third 
of five children of John and Phebe (Ray) Littlefield. Catherine married 
Nathanael Greene, who became a general under George Washington in 1774. 
She accompanied her husband during most of his campaigns including the 
Valley Forge winter of 1777-1778. Three of their five children were born dur¬ 
ing the Revolutionary War years. General Greene was rewarded for his service 
in the war with an estate on the Georgia side of the Savannah River. The fam¬ 
ily settled on a plantation on this estate, but Greene died less than a year after 
the move, leaving his wife with debts and five young children. Her husband 
was a close friend of the Marquis de Lafayette, and the marquis took their 
oldest son to Paris for his education. 

Greene met Eli Whitney through Phineas Miller, formerly the children’s tu¬ 
tor who became the manager of the plantation. Whitney was a recent Yale 
graduate and Miller had recruited him as a tutor for a neighboring family. 
This position fell through, but Catherine Greene asked him to stay on to de¬ 
vise a machine that would strip the seeds from short-staple cotton. This is the 
stage where the record becomes murky. Was Greene merely a patron and 
Whitney’s muse, or did she, as is sometimes reported, invent the cotton gin 
herself? If the latter is correct, then she would have been one of the most im¬ 
portant inventors of the 18th century. The reports that she is the inventor or 
the co-inventor of the cotton gin cannot be confirmed. Whitney did not credit 
Greene with the invention, but he did pay her royalties from her patent. These 
facts do not prove that her help went beyond suggestions. Autumn Stanley 
summarizes the three approaches to Greene’s contributions to the invention 
of the cotton gin. The first view insists that Greene was the actual inventor 
and Whitney merely her model maker; the second that he was the actual in¬ 
ventor, but she solved a crucial problem with the first model; and finally that 
the story of Greene as the inventor is just fantasy. She concludes that we 
would not be correct in replacing Eli Whitney’s name with Catherine Greene’s 
as the inventor. Nevertheless, she probably did make the intellectual leap that 
caused Whitney to replace the traditional brushes with a bristled brush. With¬ 
out her help, the traditional brushes would have continued to become hope¬ 
lessly clogged and the resulting gin would not have been useful. Although 
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there is some evidence for all of these positions, there may never be a definitive 
answer (Stanley 1995). 

During the time that Whitney and Greene were working on the invention, 
Greene’s eldest son, who had just returned from France, drowned in the Sa¬ 
vannah River. Still, as soon as Whitney had finished a working model (1793), 
Greene publicized it among her neighbors. Before Whitney and his partner 
Phineas Miller could secure a patent and begin large-scale production, copies 
of the machine had already begun to appear. The patent litigation continued 
for over 10 years, and Greene committed all of her resources to the struggle. 
Eventually Whitney was able to reestablish title to the invention, but he did 
not profit from it. 

Catherine Greene married Phineas Miller in 1796, but legal expenses had 
forced them to sell the plantation. They moved to another plantation on the 
Greene estate. Phineas Miller died of a fever in 1803 and Catherine also died 
of a fever in 1814 (Stanley 1995; Ogilvie and Harvey 2000). 


Caroline Lucretia Herschel (1750-1848) 

Caroline Herschel was born in Hanover, Germany, but moved to England to 
work with her organist and orchestra leader brother, William, as a vocal soloist. 
Caroline’s father, Isaac, was an oboist with the Hanoverian Foot Guards. Al¬ 
though he lacked formal schooling himself, Isaac stressed the importance of 
education to his six children. Her mother, on the other hand, saw no advan¬ 
tage in education. Although she grudgingly accepted the fact that the four 
boys could receive an education, she was adamantly opposed to giving the 
same advantages to her two daughters. The older daughter (23 years older 
than Caroline) was content with her mother’s values. To her mother’s dismay, 
Caroline was more interested in joining the lively discussion of ideas by Isaac 
and her brothers than in honing her skills in embroidery and cooking. An ad¬ 
mirer of astronomy, her father introduced her to the night skies. 

From 1757 to 1760 Isaac Herschel was away from home with the Hanover¬ 
ian army fighting the French. During this time Caroline’s brother William em¬ 
igrated to England to pursue a career in music. Left under the tutelage of her 
mother, Caroline was miserable. She spent much of her time knitting stockings 
for her brothers and father and writing letters for her illiterate mother. She 
also wrote letters for soldiers’ wives. When Isaac Herschel returned in 1760 
his health was broken; he died in 1767. William, her favorite brother, had be¬ 
come an organist and an orchestra leader in Bath. After hearing of Caroline’s 
plight (she was treated as an unpaid servant by her mother and older brother), 
he brought her to England to train as a professional singer. Caroline left Han¬ 
over for England in 1772 (Ogilvie 1986). 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


The 18th Century 55 


England was a disappointment to Caroline, largely because William had 
little time to devote to her. Her English was almost nonexistent and she was 
dependent on her brother for everything. He served as her tutor in English, 
singing, arithmetic, and bookkeeping. One of her favorite occupations was 
to relax with William and talk about astronomy. Caroline had William’s un¬ 
divided attention at their 7:00 a.m. breakfast. He gave her lessons in mathe¬ 
matics, “Little Lessons for Lina.” They progressed through algebra, geometry, 
and trigonometry. Caroline acquired sufficient skill in spherical trigonometry 
to put it to practical use but showed no interest in progressing further into 
abstract mathematics. 

William’s hobby, astronomy, occupied increasing amounts of his time. In¬ 
terested in the little-studied stellar regions, he needed to equip himself with 
a proper telescope. He required Caroline’s help in grinding and polishing 
mirrors, copying catalogues and tables, and providing assistance in a variety 
of tasks. She was not altogether pleased with these unasked-for jobs, which 
stole time from her music. The erstwhile musician, William Herschel, was cat¬ 
apulted into fame when he discovered what he first thought was a new comet. 
This “comet” turned out to be the seventh planet from the sun. Herschel first 
named the body Georgium sidus after George III of England, but it is now 
known as Uranus. This discovery netted him a stipend of 200 pounds a year, 
enabling him to give up his music; Caroline’s short career as an oratorio singer 
also ended with the discovery of Uranus. 

Her musical career at an end and encouraged by William, Caroline became 
more involved in astronomy. Using a telescope provided by William, Caroline 
swept the heavens looking for comets. She discovered three new nebulae in 
1783. William provided her with a new telescope, her “Newtonian small 
sweeper,” as a reward for her diligence. When William was home, Caroline 
had little opportunity to use her new telescope for his demands superseded 
her own work. She noted that she could not expect to find comets when she 
was sitting by his side recording his observations or running to the clock. 
Comets were not to be found in the part of the sky where she swept. 

William occasionally was away from home, and it was at these times that 
Caroline had time to work on her own observations. She discovered eight 
comets over the period 1786-1797. She became popular with the astronom¬ 
ical community and her growing fame resulted in a salary of 50 pounds per 
year from the king in 1787 for her work as William’s assistant. 

Caroline Herschel’s world was turned upside down in 1788 when William 
married Mary Pitt. She apparently wrote disparaging comments about Mary in 
her journal that she later regretted and destroyed all of the entries from this 
period. 

Caroline Herschel’s qualities of perseverance, accuracy, and attention to 
detail bore fruit when she was asked to update the star catalogue of the first 
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Astronomer Royal, John Flamsteed (1646-1719). Flamsteed’s catalogue was 
difficult to use because the original observations were published in a volume 
separate from the catalogue. William Flerschel had discovered numerous 
discrepancies between the catalogue and his own observations. Although he 
needed a cross-index to trace these differences, he was unwilling to devote 
the necessary time to the project. He asked Caroline to take on the grueling 
task of providing this index, which was published by the Royal Society in 
1798. It contained an index to every observation of every star noted by Flam¬ 
steed. This publication included a list of over 560 stars that were not in the 
original catalogue as well as an enumeration of errata. 

After years of failing health, William Herschel died in 1822. Concerned that 
England without William would be insufferable, Caroline decided to return 
to her native Hanover, a decision that she immediately regretted for she found 
that she had more friends in England than in Germany. John Herschel, William’s 
son, was the only person who could compete with William for Caroline’s 
affections. Caroline took a great interest in John’s career as he progressed 
in astronomy, physics, and chemistry. She looked forward to his letters and 
visits from England and compiled a new catalogue of nebulae for his use. 
Arranged in zones, it amassed material from William’s multivolume “Book of 
Sweeps” and “Catalogue of 2,500 Nebulae.” Although the catalogue was in¬ 
dispensable to John’s investigations, it was never published. The Royal Astro¬ 
nomical Society rewarded her for this work with a gold medal in 1828. 

Caroline Herschel became a legend among her scientific contemporaries. 
Eminent scientists felt compelled to visit her when they were in Hanover. She 
and Mary Somerville became the first women to be awarded honorary mem¬ 
berships in the Royal Society. She was elected to membership in the Royal 
Irish Academy in 1838 and received a gold medal for her accomplishments 
in science from the King of Prussia. Herschel lived to the age of 97 years and 
10 months and was buried with a lock of her beloved William’s hair (Herschel 
1876; Lubbock 1933; Ogilvie and Harvey 2000; Hoskin 2003). 

Herschel made important contributions to observational astronomy, includ¬ 
ing the discovery of eight comets (five of which can be properly credited to 
her), and located several new nebulae and star clusters. Her contributions also 
included skilled, accurate transcription and reduction of astronomical data. 


Mary Fairfax Greig Somerville (1780-1872) 

Mary Fairfax, the fifth of seven children of Vice Admiral Sir William Fairfax 
and his second wife, Margaret Charters, was one of the most important women 
scientists of the late 18th and early 19th centuries. She spent her early child¬ 
hood in a seaport town, Burntisland, across the Firth of Forth from Edinburgh. 
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Mary Somerville was one of the most 
important women scientists of the late 
18th and early 19th centuries. (Library 
of Congress) 


Perhaps her later curiosity about the natural world was spawned during this 
time when little attention was given to her education, and she spent much of 
her time freely exploring and roaming around the countryside. This idyllic 
existence did not last past her ninth year. When her vice admiral father re¬ 
turned to Scotland after one of his frequent long absences for sea duty, he 
was appalled by his daughter’s ignorance. She was unable to write and read 
badly with a strong Scots accent. His first remedy was a forced reading pro¬ 
gram; however, he concluded that Mary needed more structured instruction 
and sent her to Miss Primrose’s fashionable boarding school at Musselburgh. 
Utterly miserable during that year, she was made to wear a contraption that 
included steel stays so that she would be forced to sit up straight at her desk. 
According to Mary, she successfully avoided learning during that year. The 
next year, Mary’s mother rented a small apartment for the winter in Edinburgh 
where Mary attended a writing school to improve her penmanship and learn 
basic arithmetic. By the time she returned to Burntisland she had acquired a 
taste for knowledge and enjoyed reading and studying French. She even taught 
herself some Greek and Latin. She also engaged in the accepted feminine 
accomplishments such as practicing the pianoforte, painting, doing needle¬ 
work, cooking, and reading poetry. Her uncle, the clergyman and historian 
Thomas Somerville, was one of the few people who approved of her intel¬ 
lectual interests, even going so far as to read Virgil with her. 
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When 14-year-old Mary was reading a “lady’s magazine” that included 
pictures of fashionable dresses as well as charades and puzzles, she encoun¬ 
tered a problem containing x’s andy’s. When she inquired about their mean¬ 
ing, she was told that they were algebraic symbols. This different form of 
mathematics fascinated her, as did geometry. After overhearing her drawing 
teacher, Alexander Nasmyth, telling two women that to learn about perspec¬ 
tive as well as astronomy and the mechanical sciences it was important to 
study Euclid’s Elements, she was able to acquire copies of Elements and Bon- 
nycastle’s Algebra from her younger brother Henry’s tutor. Mary’s father, how¬ 
ever, found algebra and geometry improper studies for a young woman and 
forbade her to study mathematics, forcing her to proceed in secret. 

Mary Fairfax married Samuel Greig, a captain in the Russian navy and a 
cousin on her mother’s side, who had a low opinion of the intellectual capa¬ 
bilities of women. Although Mary was unable to continue her mathematical 
studies during her three-year marriage, Captain Greig died leaving Mary with 
two small sons, one of whom died in infancy. She and her son returned to 
her parents’ home in Edinburgh. Here the young widow became popular in 
intellectual circles, becoming friends with the liberal statesman and educa¬ 
tional reformer, Henry Brougham (1778-1868); the scientist, John Playfair 
(1748-1810); and the author of the Waverley novels, Sir Walter Scott (1771- 
1832). During this time, she was tutored in mathematics by William Wallace, 
who later became professor of mathematics at the University of Edinburgh. She 
also struggled through Newton’s Principia. 

Her second marriage to her first cousin, William Somerville, was much 
more successful. Her army doctor husband approved of education for women 
and supported Mary in her mathematical and scientific work. In 1816 William 
was appointed to the army medical board and the couple moved to London. 
Mary flourished in this energizing intellectual and social climate. The Somer¬ 
villes became popular hosts, associating with such scientists as John Herschel 
(1792-1871), Thomas Young (1773-1829), Roderick Murchison (1792-1871), 
Charles Babbage (1791-1871), and William Wollaston (1766-1828). During a 
tour of Europe in 1817 she met several other important scientists including 
Dominique Arago (1786-1835), Jean Baptiste Biot (1774-1862), Georges Cu¬ 
vier (1769-1832), Joseph Gay-Lussac (1778-1850), Pierre Simon, Marquis de 
Laplace (1749-1827), and Augustin de Candolle (1778-1841). 

It is amazing that Mary Somerville found the time to write, read, and ex¬ 
periment because of her varied domestic and social duties. As a mother of six, 
two by her first husband and four by the second, she was constantly involved 
in their care. Only one son, Woronzow Greig, and two daughters, Martha and 
Mary Somerville, survived to maturity. As was befitting a wife, when Mary’s 
physician husband accepted a new post at the Royal Hospital in Chelsea, Mary 
followed him to this less convenient location on the outskirts of London. She 


www.abc-clio.com 


ABC-CLIO 


1 - 800 - 368-6868 


The 18th Century 59 


found time to attend the theater and the opera and gave numerous dinner 
parties. In spite of her hectic life, she produced a series of works on astron¬ 
omy, physics, mathematics, chemistry, and geography that earned her the 
respect of her contemporary scientists. 

Mary was self-conscious about her scientific abilities. Her first work was 
presented to the Royal Society by her husband in 1826 and published in the 
Philosophical Transactions. Even though this work “On the Magnetizing Power 
of the More Refrangible Solar Rays” was well received, she was diffident when 
Henry Brougham asked her to provide an English version of Laplace’s Me- 
canique celeste for the library of his Society for the Diffusion of Useful Knowl¬ 
edge. The resulting The Mechanism of the Heavens (1831) was an immediate 
success and served as a textbook for almost 100 years. Its reception encour¬ 
aged her to publish other works of scientific exposition including On the 
Connexion of the Physical Sciences (1834) and an article on comets in the 
Quarterly Review (December 1835), Physical Geography (1848), and On Mo¬ 
lecular and Microscopic Science (1869). She also wrote two more papers on 
the results of her experiments with light rays (1836 and 1845). 

The Somervilles moved to Italy in 1838 for William Somerville’s health. Mary 
outlived most of her friends and relatives—her husband died in I860 and her 
son in 1865. She remained active intellectually, and when she was 92 years 
old in 1872 wrote that although she was very deaf and her memory for ordi¬ 
nary events was failing she was still able to read books on higher algebra for 
four or five hours and could even solve mathematical problems. She was en¬ 
grossed in a study of two recent mathematical texts, William Hamilton’s Lec¬ 
tures on Quaternions and Benjamin Peirce’s Linear Associative Algebra, at 
the time of her death. 

In spite of her insistence that she lacked scientific originality, her ability to 
comprehend and synthesize the work of her contemporaries made her a very 
important contributor to the scientific enterprise. She made science under¬ 
standable to both general readers and more advanced students. Somerville’s 
pleasant personality made her a favorite of her scientific associates, and they 
gladly critiqued her work and happily supplied her with new information. 
(See also Mathematics; The 19th Century; Physics/Astronomy) 
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The 19th Century 


Narin Hassan 


The Industrial Revolution, the expansion of empire and national progress, and 
the rise of institutions were conditions that made the 19th century a period of 
immense ideological, social, and cultural change. The Industrial Revolution 
impacted not only the kinds of work people did but also where and how they 
did it. The transformation of the landscape; the shift to an urban from a largely 
agrarian culture; and the rise of a new, largely professional middle class cre¬ 
ated sharper divisions between the public and private realms that affected 
gender roles significantly since women were largely responsible for maintain¬ 
ing domestic harmony in an increasingly active, male-dominated public world. 
This division of public and private made it a more challenging time for women 
to enter the world of science since the ideals of femininity often required 
women play the role of wife and mother during this time when the family was 
becoming restructured as a symbol of middle-class life. Thus, while science 
was becoming more institutionalized and connected to largely male-dominated 
universities and professional societies, domestic roles were ascribed to women, 
and family life was itself increasingly socially structured and monitored. 

Within this period of rapid growth and change, the nature and represen¬ 
tation of scientific work was shifting. Formerly, science had been a domain 
open to the privileged “gentlemen of science,” but the popularization of 
science and the growth of new fields began to develop a broader and more 
complex population of scientists; increased cultural interest in science meant 
that new debates about what constituted science and what it meant to be a 
scientist were being heard. During this period, the growth and expansion of 
the publishing industry encouraged the production and dissemination of a 
range of new written documents. The industrial revolution and progress in 
paper technology, printing, and marketing allowed for a new mass market of 
texts and a much broader literate audience. Conduct manuals, medical guides, 
scientific treatises, garden magazines, novels, and newspapers flooded the 
marketplace and presented the increasing numbers of literate individuals with 
a range of material both representing and constructing new images of science 
and technology. Newspapers and weekly journals allowed individuals to 
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learn about the global, political, social, and cultural changes taking place, and 
these textual forms meant that scientific knowledge could be distributed 
much more widely and rapidly. Thus, scientific authority progressed with the 
rise of a broader reading culture. With the increased urbanization and indus¬ 
trialization that took place in the 19th century, reading became a central mode 
by which a rising middle class could gain knowledge, and books shaped 19th- 
century understanding of the role of the individual in an increasingly fast- 
paced, global, and more modern world. 

The growth in publishing also resulted in couplings of science and liter¬ 
ature; a range of 19th-century texts engaged questions about the nature of 
scientific work, and as the century progressed, novels not only represented 
the shaping of new scientific fields but also took on a more scientific form 
through their intensely empirical and realist attention to detail and use of sci¬ 
entific metaphor. Such examples include George Eliot’s Middlemarch (1871), 
a novel tracing the career of an ambitious doctor that reveals shifts in the field 
of medicine, and Thomas Hardy’s Two on a Tower (1882), which features a 
central character with a passion for astronomy. 

The growth of new scientific disciplines and specializations, and of related 
disciplines including anthropology and sociology, had a cultural impact on 
gender roles. Science served as a tool to both manipulate and identify roles 
for men and women, and as scientific discourse gained influence within the 
period, it merged with larger political, social, and cultural dialogues surround¬ 
ing marriage, education, women’s work, and appropriate behaviors for men 
and women. What was termed in the 19th century “The Woman Question”— 
a range of debates, representations, and concerns that dominated discussions 
of gender within the period—intersected quite often with the scientific and 
medical knowledge that flourished during this time. Within this exciting 
culture of change and newness, women both gained and struggled; progress 
brought new opportunities for women on the one hand and stifled them fur¬ 
ther on the other. Scientific discourses provided multiple ways to imagine 
women and men, but with the growing institutionalized nature of fields like 
medicine and with stronger divisions between the public and private realms, 
women were often relegated to the private sphere as the domestic ideal of 
angel in the house. This term, which appeared initially in a British poem by 
Coventry Patmore, became a common phrase describing the unrealistic and 
often unattainable ideal for 19th-century women. 


The Early to Mid-19th Century: Romantic Ideals, Nature, and the 
Growth of Scientific Inquiry 

In Western Europe, a rising intellectual and philosophical movement termed 
Romanticism originated in the 19th century as a countermovement to the 
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Enlightenment. Understanding nature and recognizing the human relation¬ 
ship to nature were central to this movement; in this way, Romanticism chal¬ 
lenged a more mechanical approach to science and embraced an immersion 
in the understanding of the natural world as the path to scientific knowledge. 
Central figures of this period included Friedrich Schelling (1775-1844), who 
in Naturphilosophie first defined a Romantic conception of science as the union 
of man with nature, and Jean Baptiste Lamark (1744-1829), who began to es¬ 
tablish the science of biology as an independent discipline. Lamarck studied 
botany and medicine and was one of the early figures of the period to de¬ 
velop evolutionary theories. His Philosophy Zoologique, published in 1809, 
examined the gradual change of organisms as they began to interact with and 
become adapted to their environments; Lamarck set forth the idea that or¬ 
ganisms slowly but constantly “improved” from one generation to the next. 
While Lamarck was establishing this evolutionary theory in France, Erasmus 
Darwin (Charles Darwin’s grandfather) was exploring similar work in England 
and had already published his first formal theory, Zoonomia, or, the Laws of 
Organic Life in 1794-1796. The interests of Romantic intellectuals in the sci¬ 
ence of nature allowed for the fields of cosmology, geology, mineralogy, and 
biology to emerge and flourish during this period. 

This era of Romantic inquiry also allowed the birth of what we would now 
consider pseudo-sciences, including, for example, phrenology and physiog¬ 
nomy. These popular fields often opened up questions about what actually 
constituted science, since they became quickly popular and accessible to 
the public. Further, interest in the nature and origins of life produced popular 
literary works that examined the relationship of scientific discovery to hu¬ 
manity. The most notable of these, written by Mary Shelley (1797-1851), is 
Frankenstein (1818), a work that stresses the importance of human respon¬ 
sibility in light of scientific progress and raises questions about the relation¬ 
ship of science to religion. Although Shelley was not trained as a scientist 
herself, her novel addressed natural philosophy and the romantic interest in 
chemistry, electricity, and anatomy. Other women writers of the period who 
engaged with new scientific ideas of the period were Jane Loudon (1807- 
1858), the wife of John Claudius Loudon who was a well-known botanist and 
gardener. Jane Loudon became a well-known naturalist, illustrator, and writer 
herself, producing botanical manuals and gardening guides for women. In 
her popular narrative, The Young Naturalist’s fourney (1840), a fictional young 
girl and her mother explore the British Isles discovering and learning about 
exotic animals. Barbara T. Gates has argued that through this narrative, 
Loudon gave readers an opportunity to learn the thrills of natural history, dis¬ 
cover wider worlds, and examine animal adaptation. Loudon also produced 
an early science fiction novel, The Mummy, which explored new scientific and 
technological ideas by representing the reanimation of a mummy with a gal¬ 
vanic battery. Set in the year 2126, Loudon’s novel introduced readers to an 
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Illustration of Echinacea by Jane Lou¬ 
don, from The Ladies’ Flower-Garden 
of Ornamental Perennials, 1844. (The 
LuEsther T. Mertz Library, NYBG/Art 
Resource) 



imaginary future filled with the wonders of expanding technology. While these 
scientific ideas colored Loudon’s fictional work, she was also recognized for 
her authoritative botanical treatises that included Ladies Flower Garden of 
Ornamental Annuals (1840) and British Wild Flowers (1846). 

A number of political revolutions marked the rise of the Romantic period. 
The French and American revolutions of the late 18th century produced philo¬ 
sophical works that increasingly examined the “rights” of people and ques¬ 
tioned the “natural” generational shifts of political power within monastic 
systems. Thus, political and social writers were, like scientists, interested in 
interrogating the natural order of things. Questions surrounding the rights 
of individuals, particularly women, within this new Romantic era had been 
raised by figures including Mary Wollstonecraft and William Godwin (who 
were Mary Shelley’s parents). Wollstonecraft’s A Vindication of the Rights of 
Women, which had been published in 1792, questioned the limitations of 
women and argued that women were not naturally inferior to men but simply 
lacked the education and resources available to men. 

By the mid-19th century, John Stuart Mill, among others, built on the ideas 
initiated by figures like Wollstonecraft to argue that gender was largely a so¬ 
cial category, not a biological one. In his Subjection of Women (1869), Mill 
claimed: “what is now considered the nature of women is an eminently arti¬ 
ficial thing”—nurture shaped character more than nature ever could (148). 
This was a sharp challenge to 19th-century patriarchal society, and Mill’s ar- 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 




The 19th Century 65 


gument spurred responses by scientists, most notably Charles Darwin (1809- 
1882). At the time, Darwin was at work on The Descent of Man (1871), which 
emphasized that male and female nature was rooted in biology. Darwin 
emerged as one of the most influential scientists of the period, shaping the 
field of science to engage the question of “man’s place in nature,” which in¬ 
volved establishing hierarchies in nature based on both gender and racial cat¬ 
egories. Natural and sexual selection were central to Darwin’s understanding 
of evolution. Darwin, born in Shrewsbury, Shropshire, England, was one of 
six children and the son of a wealthy doctor and financier. He became inter¬ 
ested in natural history when he went to medical school in Edinburgh, but 
instead of following a traditional path of medical education, he became in¬ 
volved with the Plinian society, a student group that studied the natural history 
of figures like Lamarck and Erasmus Darwin. Darwin spent some time at a 
clergymen’s college but eventually gained a position as an unpaid naturalist 
on the HMS Beagle that was beginning an expedition to South America. It 
was during this five-year voyage that Darwin began to examine the geological 
features, animals, and peoples he encountered during the voyage, and his 
notes from this study (from 1831 to 1836) formed his published journal, The 
Voyage of the Beagle. His contact with native peoples aroused interest in both 
race and sex and helped shape the ideas surrounding evolution and sexual 
difference that appeared in his later work, Descent of Man. The most popular 
of Darwin’s work alluding to evolution, and the publication that put him in 
the spotlight as a premier scientist of his age, was On the Origin of Species 
by Means of Natural Selection, or the Preservation of Favoured Races in the 
Struggle for Life (published in 1859 and abbreviated as The Origin of Species). 
This publication was popular not only with the scientific community but with 
the public as well, and it sparked a range of debates and dialogues surrounding 
the nature of man. It impacted Victorian popular social, cultural, and scientific 
ideas and placed scientific writing alongside other popular texts and dis¬ 
courses. Other prominent figures who addressed the questions of evolution 
and inheritance and dealt with the field of natural history during this time in¬ 
cluded Alfred Russell Wallace (1823-1913) in England and the German-bom 
Gregor Johann Mendel (1822-1884). 

While Darwin’s scientific texts emerged as some of the most influential and 
debated of this age, the question of woman’s nature was explored in a num¬ 
ber of textual forms. The domestic manual, or guide to household manage¬ 
ment, became a popular form engaging questions of gender, as did the health 
guide, which often traced the cycles and natures of male and female bodies. 
Manuals for women increasingly focused on the phases of femininity based 
on biology. For example, Albert Naphey’s Phases of Womanhood established, 
as the title suggests, femininity through cycles of puberty and adolescence, 
marriage and motherhood, and menopause. Thus, through such manuals, the 
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female body was represented more and more through biological norms and 
conditions such as motherhood. The increasingly frantic nature of the public 
world (associated with masculinity) was then imagined to be calmed and 
tended by a private, domestic world relegated to women. This division of 
spheres that marked much of the culture of mid-19th-century Western Europe 
and the United States was upheld through a number of literary and social 
guides that established women as “angels in the house.” 


Gender and the Rise of Professional Medicine: Nursing and the 
Pioneers of Female Medical Education 

In this environment, women with ambition had to seek avenues to challenge 
the idea that femininity was best suited for domesticity. They sought to build 
occupations for women highlighting women’s roles as caregivers that would 
make them suitable for certain professions. Many women became involved 
in charity and reform work that involved helping the poor in the growing 
slums or aiding the victims of disease outbreaks. In the mid-19th century, al¬ 
though respectable categories of work outside the home were almost non¬ 
existent for middle- and upper-class women (women of these classes who 
needed to work would often gain positions as governesses and teachers), 
one figure who clearly built a new field based on natural “feminine” modes 
was Florence Nightingale (1820-1910). Born into a well-connected and 
wealthy family, Nightingale was inspired to pursue nursing by what she called 
a “divine calling”; although she was driven by a religious passion to help oth¬ 
ers, her parents forbade her to pursue nursing and instead encouraged her 
to seek marriage and build a family. Resistant to this plan, Nightingale an¬ 
nounced that she would enter nursing in 1845—a time when the field was 
filled with poorer women and in need of reform. Nightingale received her 
nursing training in Germany and then returned to London where she worked 
at the Institute for the Care of Sick Gentlewomen; she received some financial 
support from her family during this time that allowed her to live comfortably 
and decline proposals for marriage, which she believed would interfere with 
her work and pursuit of a career in nursing. 

Nightingale redefined the field of nursing and gained much recognition for 
her work during the Crimean War when she worked with a staff of volunteer 
nurses and cared for wounded soldiers under horrific conditions. It was here 
that Nightingale began to establish her ideas about sanitation and ventilation 
that would mark a huge transformation in nursing. She recognized that poor 
ventilation in hospitals, generally poor living conditions, and the lack of san¬ 
itary supplies and foods for soldiers impacted mortality rates. When Nightin¬ 
gale returned to Britain she contributed to the Royal Commission on the 
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Health of the Army and was recognized for her work with the development 
of a Nightingale Fund to support the training of nurses. Her biographer, Cecil 
Woodham-Smith (1951), claims that her 1859 book outlining the importance 
of higher standards of cleanliness and sanitation, Notes on Hospitals, “was a 
success; it went into three editions, and after its publication she was con¬ 
stantly asked for advice on Hospital Construction” (226). 

Nightingale built a legacy around her work in nursing—she reshaped what 
had been a largely disorganized and unrecognized field to a more profes¬ 
sional and respectable one—but she also impacted the debates surrounding 
women’s work in general. Along with her Notes on Nursing (I860), her trea¬ 
tise on the methodologies of the field that highlighted the importance of 
sanitation and ventilation, Nightingale also published Cassandra, which high¬ 
lighted the constraints many women felt because of the “separate spheres” that 
relegated women to be domestic angels. She argued that such confinement 
resulted in helplessness, illness, and invalidism. Further, Nightingale’s own 
position as traveler and nurse (she visited not only Germany and the Crimea 
but also Egypt, publishing her journal entries and letters about this Middle 
Eastern country) provided women a model of female mobility that challenged 
the domestic ideal for women in the period. 

While the emergence of figures like Florence Nightingale impacted the in¬ 
terest of women in medical fields, the area of medicine itself was being re¬ 
shaped during this time to establish the doctor as the authoritative voice in 
medicine and the hospital as the center for medical care. This new medical 
model was established in France, which became a center for medical educa¬ 
tion and patient care based on a clinical, administrative model. John Harley 
Warner and others have shown the importance of Paris in attracting doctors 
and medical students from the United States and European nations during 
this period; Paris emerged as an exciting and dynamic center for medicine. 
A number of shifts occurred during the 19th century that professionalized 
medicine and the place of doctors in it. Emerging specializations, including 
gynecology, obstetrics, and surgery, created new standards for care; new tech¬ 
nological tools and instruments, such as the speculum, developed and gained 
popularity; new discoveries, such as chloroform and anesthesia, changed the 
nature of medical care; and an increasing number of medical societies and 
associations—populated largely by men—became venues where medical ideas 
were shared and shaped. A number of scholars, including Ornella Moscucci, 
Barbara Ehrenreich, Dierdre English, and G. J. Barker Benfield, have shown 
how the rise of specializations like gynecology and obstetrics impacted not only 
medical practice but also the culture of women’s health and reproduction. In 
the past, midwives had been the primary caregivers of women and dealt with 
issues surrounding pregnancy in the home—largely passing on knowledge 
through practice and oral tradition. In the 19th century, however, such events 
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in women’s lives were increasingly managed and monitored by doctors; knowl¬ 
edge was received in medical institutions and distributed through written 
medical manuals. Further, a shift occurred so that the emphasis on women’s 
health was not through touch and interaction (a model that dominated tradi¬ 
tional midwifery) but through an increasing focus on the visual and observa¬ 
tional nature of scientific inquiry. 

In the United States, one of the central figures responsible for shaping the 
field of gynecology and obstetrics was J. Marion Sims (1813-1883). Born in 
South Carolina, Sims built his career in Alabama through a range of innovative 
surgeries and tools that he developed through work with his patients, many 
of whom were slave women and Irish women who were operated on in his 
backyard without their consent. As Terri Kapsalis and other critics have noted, 
Sims’s legacy is thus intertwined with the legacy of racism and slavery. Sims 
earned the title Father of Gynecology through his invention of the speculum, 
a tool he developed through his experimental surgical procedures. He moved 
to New York in 1853 and established the first hospital for women in the United 
States. 

Sims gained the attention of a then-emerging woman doctor, Elizabeth 
Blackwell (1821-1910). In a letter to her sister, she wrote that she wished to 
learn more about the special treatments developed by Marion Sims and hoped 
he would help her pursue work in the field of gynecology and obstetrics: “He 
seems to be in favour of women studying medicine. I think I shall help him 
in any way I can” (Blackwell 1895, 201). Blackwell was the first woman to 
receive a medical degree in the United States in 1849 from Geneva Medical 
College in New York State. She was born in Bristol, England, and her family 
moved to the United States when she was a child. She became interested in 
medical education, but since no models existed for women to pursue such a 
field, she convinced family friends who were physicians to allow her to read 
with them. She applied to several medical schools and gained admission to 
Geneva Medical College in 1847 after the faculty asked the all-male student 
body to vote on her admission. They voted “yes” largely as a joke, thinking 
it was impossible that she would really attend, but she received her M.D. de¬ 
gree two years later. Blackwell also studied and worked in clinics in Paris 
and London, and then returned to New York where initially she struggled to 
build a practice. Her efforts to expand female medical education and support 
women’s health were achieved when she, with the help of her sister Emily 
Blackwell, established the New York Infirmary for Women and Children in 
1857. The institution included a medical college for women and provided prac¬ 
tical training for its students through the infirmary. Blackwell influenced other 
new female physicians, including Maria Zakrzewska (1829-1902), who helped 
her organize and build the New York Infirmary. Born in Berlin, Zakrzewska 
emigrated to the United States in the 1850s. She had already received practical 
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training as a midwife—a field in which her mother was trained—and wanted 
to pursue medical training. She was admitted to Cleveland’s Western Reserve 
College in 1854. After graduating and working with Blackwell in New York, 
she eventually gained a position as professor of obstetrics at New England 
Medical College. 

While these and other women in the United States were struggling to es¬ 
tablish themselves in the male-dominated field of medicine, they had more 
freedoms and opportunities than their counterparts in Britain; it would take 
another decade, and much debate, before women in Britain could gain ad¬ 
mission to medical programs. Prior to the 1860s, British women, restricted 
from medical education in England, traveled to the United States or France to 
study and practice. In 1865, Elizabeth Garrett Anderson (1836-1917) passed 
the examination of the Society of Apothecaries and became a central figure 
in the move toward women’s admission to medical programs. Garrett Ander¬ 
son, the sister of Millicent Fawcett (an important figure in the British suffra¬ 
gette movement), was refused admission to medical schools and not allowed 
to sit for medical examinations after private study, but she was able to gain 
a license for apothecaries that placed her on a medical register. In 1873 she 
gained membership in the British Medical Association. She worked tirelessly 
to develop medical programs for women and build hospitals in London. Like 
her sister, Garrett Anderson was active in the suffragette movement and also 
a lively contributor to dialogues surrounding female education. 

The Fortnightly Review of 1874 records a debate between Henry Maudsley 
of the University College of London and Elizabeth Garrett Anderson that ex¬ 
emplifies arguments both for and against the education of female doctors. 
This pivotal debate over medical education reveals Victorian engagement with 
categories of biological difference and displays the perplexity and instability 
with which the categories were sustained. Garrett provided published re¬ 
sponses to Maudsley’s claim that women were biologically unfit for medical 
work and needed to devote their energies to maternity. Several other medical 
journals of the period were questioning the role of women in medicine and 
focused largely on popular ideas regarding femininity to argue that medi¬ 
cine was a male field. These anxieties were not limited to Britain; Regina 
Morantz-Sanchez (1987) has pointed out that throughout the 1850s the Boston 
Medical and Surgical Journal published articles opposing the entrance of 
women into the profession. Quoting from the journal, she describes the belief 
that women’s “physiological condition, during a portion of every month, dis¬ 
qualifies them for such grave responsibilities” of medical work (58). 

Thus, although women had been traditionally viewed as healers and com¬ 
monly prepared home-based remedies, their professional entry into medicine 
was viewed as unnatural and unnecessary. Although, as Catherine Judd (1998) 
has argued, in England and the United States, “hygiene was symbolically, and 
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often literally, a female province,” medicine assumed an increasingly distinct, 
less domestic, and more administrative space during the 19th century (20). 
The rise of hospital-based care, available even for the middle classes, prompted 
the shift of medical practice from domestic to public spaces. As medicine 
gained institutional authority during this period, it incorporated rigid domes¬ 
tic ideologies and was associated with masculinity in a number of ways. The 
association of medical practice with “rational,” scientific ideas and the growth 
in various forms of experimentation increasingly separated professional med¬ 
ical practice from popular home-based notions of healing. Large anatomical 
theaters, the dominant sites for medical training with their structure as public 
performance spaces, were seen as potentially dangerous and improper 
spaces for female viewers, as was the work of surgery and the structure of 
medical knowledge with its increased focus on concepts of vision and exper¬ 
imentation. Medical discourses and practices often positioned the male doctor 
as viewer and female patient as the subject of study. 

Within this period of struggle, Sophia Jex-Blake (1840-1930) emerged as 
a pioneer. Influenced by Elizabeth Garrett Anderson and motivated by her 
vocal and practical efforts at reform, Jex-Blake was accepted into the Univer¬ 
sity of Edinburgh as part of a small group of women who formed the first 
generation of women seeking medical degrees. They were consequently de¬ 
nied actual degrees and offered “certificates of proficiency.” Jex-Blake then 
received her medical degree in Berne and became licensed through the Col¬ 
lege of Physicians in Ireland (Porter 1999, 358). Eventually, the Medical Act of 
1876 enabled women to receive medical licenses and facilitated the admission 
of women to the University of London. Edith Petchey was another woman 
doctor who studied with Jex-Blake in Edinburgh; she eventually traveled 
overseas to practice medicine and opened one of the first women’s hospitals 
in India. 

Venturing abroad became increasingly common for women seeking pro¬ 
fessional opportunities. For women who were eventually allowed to receive 
medical training, one of the biggest obstacles was the lack of clinical training. 
It became easier for women to gain admission to programs, study from med¬ 
ical textbooks, and sit for various examinations, but they lacked practical med¬ 
ical interaction with actual patients because of continued anxieties about 
women as practicing physicians. The absence of clinical study in Britain 
prompted women to see foreign countries as offering an access to clinical 
practice and opportunities to enjoy more professional freedoms than they 
would have at home. In this age of imperial expansion, women could serve 
larger colonial interests and form specific relations with native subjects that 
were not possible for male doctors because of cultural and/or religious tra¬ 
ditions that often segregated men from women. Thus, the 19th century, with 
its technological advancements, improvements in travel, and imperial interests, 
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opened up opportunities for women to seek a wider sphere for their medical 
ambitions. 

Mary Scharlieb (1845-1930) was one of the first women to take advantage 
of her role outside Britain and impact women’s health in India. She was ad¬ 
mitted to the Madras Medical College in India—the first female allowed to 
do so—and then, upon her return to England in 1878, she studied at Elizabeth 
Garrett Anderson’s new London School of Medicine for Women. Scharlieb 
was especially interested in the field of gynecology because native women 
in India often refused to be seen by male doctors. She was encouraged by 
Queen Victoria to continue her involvement in Indian health care for women, 
and she became active in the development of women’s clinics and hospitals 
in India. Scharlieb developed a successful practice in London and also gained 
a position as a chair of gynecology and midwifery in the Medical School. She 
produced a number of publications including The Seven Ages of Woman (1915) 
and Motherhood and Race Regeneration (1912); the latter presented her ideas 
about eugenics and population control. 


Gender and Nature: Botany, Geology, and Natural History 

In the case of nursing and medical care, women could argue that their roles 
as caregivers within domestic realms provided the ideal background for pur¬ 
suing medical work. In other areas of science, women needed to articulate 
ways that scientific knowledge was compatible with the ideals of femininity. 
One area where women progressed during the 19th century was scientific 
botanical culture. Once again, the expansion of empires and of a more mod¬ 
ern, global culture encouraged this field of scientific inquiry; increased travel 
and colonial expansion allowed scientific specimens from all over the world 
to be brought into Europe and the United States. Through their exhibition, in¬ 
dividuals could see, read about, and interact with the wonders of nature. 

The fields of botany and geology grew as sciences in the 19th century, 
and while scientific expeditions pursued by men provided the groundwork, 
women’s interest in geography and natural history also flourished closer to 
home. Thus, the gardening manuals produced by women like Jane Loudon 
enjoyed popular readership, and since activities like gardening could be pur¬ 
sued at home, many women became amateur botanists while others were 
recognized for their work in this realm. Botany became viewed as a respectable 
pastime for women. Some of the notable botanists of the 19th century include 
Anne Pratt (1806-1893). She authored the five-volume Flowering Plants and 
Ferns of Great Britain (1889) and several botanical books for women including 
Wild Flowers (1852). Thus, Pratt, like the well-known children’s writer Beatrix 
Potter, combined her knowledge of flora and fauna with the publication of 
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books for children—incorporating the scientific with the domestic and intro¬ 
ducing natural history in children’s education. 

While the study of botany and the practice of botanical illustration became 
an increasingly popular and respectable pastime for many women, it also en¬ 
couraged some to expand their interests to a more global pursuit of scientific 
knowledge. Going beyond the borders of home, women could often establish 
themselves as European authorities in native lands—this way they gained the 
respect often afforded exclusively to men. Marianne North (1830-1890) is the 
best-known British woman who traveled the world extensively to discover 
plants and paint them. Her autobiography, Recollections of a Happy Life, re¬ 
veals how escape from the confines of Europe provided her with the energy 
and freedom to research flora and fauna and record them through her art. Al¬ 
though North was not trained as a botanist, she formed friendships with fig¬ 
ures including Charles Darwin, and her detailed, highly realistic, and 
scientifically accurate paintings contributed to readers’ understanding of the 
natural world around the globe. North’s travels took her to Java, Borneo, 
Brazil, South Africa, the United States, India (where she spent a full year), 
and Australia and New Zealand (at Darwin’s suggestion). 

Illustrations were also crucial in the books produced by Charles Lyell 
(1797-1875), whose Principles of Geology (1830-1833) helped to establish 
him as the premier British geologist of his time. Lyell was a contemporary of 
Charles Darwin and supported much of his work. As Barbara Gates (1998) 
has noted, “like Darwin’s, Lyell’s work was highly visual, but its sights were 
set less on detail and more on the larger picture. Lyell liked to envision the 
scope of things, to play with images that worked as museum-like panoramas 
or cross sections, sending the reader’s eye back through time or downward 
through the unseeable layers of the earth’s crust” (53). Readers, then, were 
observers of Lyell’s broad scientific vision of geology that most importantly 
set forth his notion of Uniformitarianism—the idea that the shape of the earth 
was formed by forces slowly over time—unlike the biblical idea of earth 
coming to being through sudden, cataclysmic events. His secretary, Arabella 
Buckley (1840-1929), became well known for her work after Lyell’s death in 
1875. She wrote the scientific entries about him in the Encyclopedia Britan- 
nica and published books including A Short History of Natural Science (1876) 
and The Fairy Land of Science (1879) in which she instructs children in the 
wonders of science (Gates 1998, 51-52). 

Eleanor Anne Ormerod (1828-1901) was another British woman enticed by 
the wonders of nature. She was born in Sedbury Park, Gloucestershire, on 
an estate that gave her ample opportunity to nurture her interests in insect 
life. In 1868, when the Royal Horticultural Society was collecting insects from 
her farm, she became involved with the project and began writing pamphlets 
on pests and injurious insects. Her work captured attention from both the Royal 
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Horticultural Society (she earned the Flora medal) and the Royal Agricultural 
Society. She was appointed a consulting etymologist to the latter and even¬ 
tually built a career around lecturing and writing, Her published works in¬ 
clude The Injurious Insects of South Africa (which gained her acclaim outside 
England) and Handbook of Insects Injurious to Orchard and Bush Fruits (1898). 


Women in the Fields of Astronomy and Mathematics 

While medical work and natural history dominated the areas in which women 
pursued scientific interests, two important figures emerged in the expanding 
fields of astronomy and mathematics: Maria Mitchell (1818-1889) and Sofia 
Kovalesky (1850-1891). Maria Mitchell was the first American woman elected 
to the American Academy of Arts and Sciences, the first woman member of 
the American Association for the Advancement of Science, and the first woman 
professor of astronomy. As these honors reveal, she managed to cross the 
barriers that often hindered women from entering the professional institutions 
of science in the 19th-century United States, becoming a member of numer¬ 
ous male societies. Part of Mitchell’s introduction to scientific education was 
through her father, William Mitchell, who was an active observer and calcu¬ 
lator in Nantucket and who introduced her to astronomers at Harvard. Mitchell 
received recognition for her work quite early in life; in 1848, she was cited 
by Lucretia Mott at the Seneca Falls Women’s Rights Convention—this was 
soon after she had discovered a comet in 1847. Of this discovery, Sally Gre¬ 
gory Kohlstedt (1987) has noted, “her calculations of its exact position at the 
time of discovery brought her a gold medal from the King of Denmark and 
led to her membership in the American Society of Art and Science ‘in spite 
of being a woman’” (130). Mitchell believed that scientific education was cen¬ 
tral for women and gained a position at Vassar where she worked to advance 
women’s higher education and build opportunities for women in science. 

Sofia Kovalesky was born in Moscow, Russia, and was educated in Berlin, 
Germany. She was the first major Russian female mathematician and estab¬ 
lished an international reputation, winning several awards and honors. Among 
these were the Prix Bordin of the French Academy of Sciences, the Oscar 
Prize of the Swedish Academy of Sciences, and an academic position at Stock¬ 
holm University in Sweden, where she became the chair of her department. 
She grew up at a time when social and political reform in Russia opened up 
questions of equality and produced a range of efforts to build women’s rights. 
This, along with family support (her father provided her with a mathematics 
tutor) for her ambitions, allowed her to develop her natural talent for math¬ 
ematics and the natural sciences to her full potential. She received her Ph.D. 
at the University of Goettingen in 1874, and her research involved applying 
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Maria Mitchell (seated) and Mary Whit¬ 
ney inside the observatory dome ofVas- 
sar College with an equatorial telescope 
and ladder, 1889. (Special Collections, 
Vassar College Libraries) 



the theory of differential equations to the study of the shape of the rings of 
Saturn. Although Kovalesky led an unconventional life, she did marry and 
have a child—although her marriage with her husband, Vladimir Kovaleski, 
has been termed a “fictitious marriage”; it was largely a way for her to obtain 
freedom to travel since at the time women could obtain passports only 
through their fathers or husbands, and she spent some time living apart from 
her husband. 

Kovalesky’s experience of negotiating family life with a career reflects what 
was a common conflict for women in the 19th century. Many women who 
succeeded in building their careers did so by avoiding the cultural demands 
to build a family; the roles of wife and mother were often seen as incompat¬ 
ible with the desire to work, and for much of the 19th century women con¬ 
tinued to be defined not through their own successes but through their 
positions as wives, mothers, and daughters. Much of the literature of the pe¬ 
riod reflects the struggles of women who chose to work. Nineteenth-century 
American novels representing the desires and struggles of women as doctors 
or scientists include Elizabeth Phelps’s Doctor Zay and Sarah Orne Jewett’s A 
Country Doctor; several British novelists, such as Charles Reade and Arabella 
Kenealy, built their plots around the woman with scientific ambitions. In the 
works of these two writers, women pursuing science are often imagined as 
being “unsexed” spinsters. As issues of sexuality became a part of the public 
discourse and as increasing debates about women emerged (along with in- 
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creased publicity around women who pursued careers), one way to imagine 
these women’s successes was to represent the women themselves as less 
feminine. 


The Late 19th Century: The Rise of Sexology and Psychology 

Michel Foucault has argued that although the 19th century appears to be a 
period of repression around issues of sexuality, it is instead, ironically, the 
period in which discourses of sex flourished; thus, while notions of respect¬ 
ability and Victorian prudery may have reigned in certain contexts, the period 
was deeply invested in shaping and defining ideas about sexuality through 
new professional and scientific discourses. In his book, The History of Sexu¬ 
ality, Foucault (1978) describes the “great archive of the pleasures of sex” 
that was built during this period (64). A number of prominent figures in the 
late 19th century built their careers in the field of sexology and established a 
professional vocabulary around the nature of sexuality. Among these early 
scholars of sexuality, Henry Havelock Ellis (1859-1939) and Richard von Kraft- 
Ebbing (1840-1902) were the most influential and representative, although 
they often had contrasting viewpoints. Kraft-Ebbing was born in Mannheim, 
Baden, Germany, and was trained in psychiatry. His Psychopathia Sexualis 
(1886) concentrated on exploring conditions of perversity and abnormal sex¬ 
uality as distinct from so-called normal sexual phenomena. He is recognized 
for coining the terms sadism and masochism and for establishing the concept 
that sexuality that did not lead to procreation was “perverse.” Much of his re¬ 
search also explored the nature of homosexuality; he suggested that it orig¬ 
inated in a biological sexual inversion of the brain. 

Although Kraft-Ebbing’s title and his use of scientific terminology was aimed 
at physicians and specialists, his book became highly successful and popular 
with the reading public; thus his text revealed how scientific and professional 
writing on matters of sex dominated the understanding of these aspects of 
identity and became part of the larger culture. Scientific constructions of sex¬ 
uality replaced other popular myths and conceptions of sexual desire and ac¬ 
tivity. The confessional letters and testimonials that Kraft-Ebbing received 
after publication also revealed the public’s engagement with the text and the 
need for individuals to share and reveal their own relationship to sexuality. 

One of the most important English responses to his work came from 
Havelock Ellis in his Studies in the Psychology of Sex (1898). Ellis reorganized 
Kraft-Ebbing’s categories of “abnormal” sexual behavior to establish a broader 
spectrum of “normal” sexual activities; thus, while he recognized that abnormal 
behaviors existed, he liberated some of the aspects of deviancy that formed 
Kraft-Ebbing’s theories and superimposed aspects of the abnormal on the 
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normal. Unlike Kraft-Ebbing, Ellis aimed to uncover hidden truths regarding 
sex for the public and the common individual. He addressed homosexuality 
in Sexual Inversion, a study co-authored with John Addington Symonds. His 
approach was more sociological, and by discussing a broad range of exam¬ 
ples and cases of homosexuality he suggested that homosexuality was not a 
diseased or criminal condition. Both Kraft-Ebbing and Ellis contributed to di¬ 
alogues regarding female sexuality and the nature of women in contradictory 
ways, since for both the issue of a female sexual drive did not coincide neatly 
with Victorian mores of male and female behaviors. 

It is apt that studies regarding sexuality and psychology increased in pop¬ 
ularity during the late 19th century and engaged issues of gender, since during 
this period the concept of the middle-class family and the conditions of the 
individual had become part of the social imagination. While the ideals of the 
middle-class household and roles of men and women within it had been es¬ 
tablished by the end of the century, an interest in the conflicted nature of the 
relationships within this nucleus and the ongoing tensions between the social 
and biological conditions of such relationships could be merged through these 
new fields. 


Conclusion 

The 19th century was a crucial era in the development of scientific ideals. 
Throughout this period of invention and progress, there emerged a desire to 
understand and explore the “newness” of things, their natures, and their re¬ 
lationships. Within this era, a continued struggle between a biological basis 
for the nature of individuals—particularly in terms of gendered and racial 
identities—and a social understanding of them continued, and science be¬ 
came immersed in the cultural debates surrounding these issues. By the end 
of the century the enduring “Woman Question” had to deal with the “New 
Woman,” a figure shaped by the new educational and professional activities 
opening to women. Although, by the end of the 19th century, men still dom¬ 
inated the sciences, an influential legacy of women’s work allowed for a new 
set of role models to emerge; dialogues about sexuality and female biology 
forced the public to complicate its vision of ideal masculinity and femininity. 
As the century progressed, women participated increasingly in the scientific 
culture that had become part of everyday life, and while the women high¬ 
lighted here stand out as the exceptional pioneers in the expanding fields 
of science, many women, yet undiscovered, played crucial roles as educators, 
observers, and explorers of scientific knowledge. 

By the end of the 19th century, life had changed drastically because of 
the scientific developments that emerged and the ways scientific knowledge 
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could be read, viewed, and analyzed. New technological innovations, in¬ 
cluding photography, x-ray, and a vast range of new tools and instruments, 
changed the nature of scientific work and the way it was recorded. Thanks 
to such innovations, the progress of this period can continue to be analyzed 
and interpreted. Perhaps what is most significant about this period of scien¬ 
tific growth is that the models of empiricism, objectivity, and truth that are so 
embedded in science were built into not only the scientific professions that 
emerged but also the culture itself. It is here that the 19th century may have 
produced its most potent and enduring mark, since our visions of science 
continue to be influenced by the discourses produced at this time and we con¬ 
tinue to address many of the debates that so deeply engaged 19th-century 
readers. (See also Medicine; Women’s Education) 
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Marilyn Ogilvie 


By the early 20th century, political situations and educational reforms begun 
in the 19th century had come to fruition, making it more likely that women 
might become scientists. Suffrage movements and opportunities for higher ed¬ 
ucation for women were important 19th-century developments. These move¬ 
ments appeared in different guises in diverse places throughout much of the 
Western world. A previously unthinkable concept, a voting woman, was con¬ 
templated in several parts of the world during the mid-19th century. In the 
United States, the organized women’s movement is usually considered to have 
originated in the 1848 Seneca Falls Convention. In 1840 at the World Anti- 
Slavery Convention in London, Lucretia Mott and Elizabeth Cady Stanton 
discussed the possibility of a convention that would address the problems of 
women. They, after meeting with Jane Hunt, Mary Ann McClintock, and Martha 
Coffin Wright (Lucretia Mott’s sister), on July 13, 1848, proceeded to call a 
woman’s rights convention the next week on July 19 and 20. After a two-day 
debate, the Declaration of Sentiments, modeled on the Declaration of Inde¬ 
pendence, was adopted and signed by 100 people. In Europe, reform move¬ 
ments arose at about the same time (Cullen-DuPont 2000). 

Educational reforms fell in lockstep with political ones. By the early 20th 
century, women were active in most fields of science, although certain areas 
such as the biological and the human sciences were better represented than 
the physical sciences and mathematics. 


Annie Jump Cannon (1863-1941) 

Annie Cannon’s career in astronomy became possible because of the changes 
in educational opportunities for girls born in the last half of the 19th century. 
Born in Dover, Delaware, she received her early education in the Dover 
public schools. Annie was the oldest of three siblings in a household that 
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included four other half-siblings. Her shipbuilder father, Wilson Cannon, was 
the Democratic state senator who broke with the Democratic Party at the 
outbreak of the Civil War and cast the deciding vote against secession. Her 
mother was interested in astronomy and she and Annie had a makeshift ob¬ 
servatory in the attic where they watched the heavens. After public school, 
Cannon attended the Wilmington Conference Academy. After she graduated 
from the Academy, Cannon had the opportunity to profit from the 19th- 
century advances in women’s education through the Seven Sisters colleges. 
Wellesley College was only five years old when Cannon decided to matricu¬ 
late there in 1880. At Wellesley, Cannon studied with astronomer Sarah Whit¬ 
ing and became interested in the new study of spectroscopy. After graduation 
in 1894, Cannon did not immediately try to enter the job market or graduate 
school but returned home where she was involved in Dover social activities. 
After her mother’s death, she returned to Wellesley as a graduate student 
working under Whiting, earning her M.A. degree in 1907. From 1895 to 1897 
she was a graduate student at Radcliffe, another of the Seven Sisters, or early 
Eastern women’s colleges, that is, Vassar, Wellesley, Smith, Bryn Mawr, Rad¬ 
cliffe, Mount Holyoke, and Barnard. 

Women astronomers were not totally unheard of in the early 20th century. 
Observational astronomy was a study that a woman amateur could pursue 
at home without breaching the two-spheres concept. However, paid positions 
for women in astronomy were very difficult to obtain. Nevertheless, low-paid 
jobs as computers at the Harvard College Observatory and the Royal Green¬ 
wich Observatory provided women with jobs. Harvard College Observatory 
director Edward Pickering found well-educated women astronomers excel¬ 
lent employees because astronomy was moving away from observational 
work and into the new field of photographic astrophysics. The adoption of 
cameras and spectroscopes had great implications for women since it required 
a different labor force. Pickering needed fewer observers (men’s work) and 
many more assistants (women’s work) to classify as cheaply as possible the 
thousands of photographic plates his equipment was generating. 

Cannon became an assistant at the Observatory in 1896 along with Willia- 
mina Fleming (1857-1911) and Antonia Maury (1866-1952). Cannon worked 
at the Observatory until her retirement in 1940, succeeding Fleming as curator 
of the Observatory’s photographs. In 1938 she was made William Cranch 
Bond Astronomer at Harvard University—one of the first appointments of 
women by the Harvard corporation. Most of her career involved the observa¬ 
tion, classification, and spectroscopic analysis of stars. The volume of her work 
on spectral classification is notable. In addition to her major work on classi¬ 
fication (she classified 350,000 stars), The Henry Draper Catalogue and The 
Henry Draper Extension, she published nine smaller catalogues and many short 
papers. She was especially fascinated by variable stars. 
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Cannon received a number of awards including six honorary degrees, an 
honorary membership in the Royal Astronomical Society, the Draper Medal of 
the National Academy of Sciences, and the Ellen Richards Prize of the Society 
to Aid Scientific Research by Women. 


Home Economics 

By choosing fields that could be considered “women’s work,” women had 
the opportunity to infiltrate science. In the 19th century when the “two 
spheres” concept was so popular, woman’s sphere was the home and man’s 
the public arena. Home economics seemed especially suitable for women be¬ 
cause of its proximity to the private sphere and best of all, its lack of interest 
to the public-sphered male. Home economics’ founder was Ellen Swallow 
Richards (1842-1911), the wife of an engineering professor at MIT; she vol¬ 
unteered her services and about $1,000 annually to support the Women’s Lab¬ 
oratory at that institution. In 1880, she began to stress the value of chemistry 
to the homemaker. Although home economics as “women’s work” success¬ 
fully provided women with jobs, its “facts” were not valued nearly as highly 
as were those created by men in the “hard sciences.” The very success of 
women’s work on major campuses helped to harden the gender separation 
for future generations. Rather than being accepted for other scientific em¬ 
ployment once the pioneers had shown that women could handle this work, 
women found themselves more restricted than ever to “women’s work.” Since 
women were finding such good opportunities in the field, many persons (in¬ 
cluding the first vocational counselors, a new specialty around 1910) urged 
ambitious young women interested in science to head for home economics. 
It was the only field in which a woman scientist could hope to be a full pro¬ 
fessor, department chair, or even dean in the 1920s and 1930s (Rossiter 1982; 
Ogilvie and Harvey 2000). 


Alice Hamilton (1869-1970) 

Alice Hamilton followed a long tradition of women in health-related fields. 
Born to an intellectually vibrant family in Fort Wayne, Indiana, she and her 
three sisters and brother learned languages, literature, history, and some math¬ 
ematics informally from their parents and occasionally from tutors. After pre¬ 
paring for medical school she attended the co-educational medical school of 
the University of Michigan, where she received her degree in 1893. After in¬ 
terning at the Hospital for Women and Children in Minneapolis and at the New 
England Hospital for Women and Children near Boston, she went to Germany 
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Dr. Alice Hamilton was a pioneer in the 
field of industrial medicine, arousing 
public concern about occupational dis¬ 
eases and the safety of workers on the 
job. (Library of Congress) 



where she received additional training in bacteriology and pathology—fields 
in which she would spend her entire working life. 

After returning to the United States, Hamilton studied at the Johns Hopkins 
Medical School until she received an appointment at the Woman’s Medical 
School of Northwestern University. On arriving in Chicago, she boarded at 
Jane Addams’ Hull House, where she came in contact with prominent Chica¬ 
goans as well as the often poverty-stricken, lower-class individuals who fre¬ 
quented Hull House. Hamilton not only taught but also engaged in research 
in pathology and bacteriology. Her interest in social service inspired her to 
establish Chicago’s first baby health center. After the Woman’s Medical School 
closed in 1902, she went to Paris to study for a year at the Pasteur Institute. 
Upon returning to Chicago, she went to work for the Memorial Institute for 
Infectious Diseases as assistant to the pathologist. At this time, Chicago was 
in the throes of a typhoid epidemic, and Hamilton conducted investigations 
for the Chicago Health Department to determine causes and treatments. Her 
recommendations resulted in a major reorganization of the department. Hamil¬ 
ton investigated other public health problems in the Chicago area. She found 
that many immigrant workers became sick from inhaling poisonous fumes from 
their jobs in foundries, factories, and steel mills and she became an active 
crusader in investigating and alleviating the causes of occupational diseases. 
She became the managing director of the Illinois Occupational Disease Com- 
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mission. After Hamilton read a paper at the International Congress on Occu¬ 
pational Accidents and Diseases in Brussels, Belgium, her work was brought 
to the attention of the United States Commissioner of Labor (Department of 
Commerce) who asked her to undertake a national survey. This post, although 
unsalaried, allowed her to travel throughout the country. She was also active 
in the International Congress of Women at the Hague (1915), a group that at¬ 
tempted to avoid the impending war. However, after the United States entered 
the war, she served her country and the world by studying the munitions in¬ 
dustry and observing the effects of several new poisons on workers. 

After the war, Hamilton was appointed assistant professor at Harvard Uni¬ 
versity’s new Department of Industrial Medicine. Because of her previous 
participation in the surveys, she was the only person qualified for the job. As 
a woman she was excluded from the Harvard Faculty Club and could not march 
in the graduation procession. She taught at Harvard for 16 years but never 
received a promotion. Her teaching responsibilities were only for six months 
out of the year; the other six months were spent working for the federal gov¬ 
ernment. She completed numerous important projects, including a study of 
the new rayon industry, silicosis and other diseases common to miners, lead 
toxicity in bathtubs and paint, toxicity of nitrous fumes inhaled by workers 
in the explosives industry, and the occupational hazards of certain positions 
on maternal and fetal health. Her work was not confined to the United States. 
As the only female member of the League of Nations Health Committee she 
went abroad and studied various conditions. Hamilton’s accomplishments were 
recognized by numerous awards and honorary degrees (Sicherman 1984; 
Ogilvie and Harvey 2000). 


Karen Clementine Danielsen Horney (1885-1952) 

Perhaps because psychology and psychoanalysis were relatively new fields and 
did not have a long history of male domination, women were increasingly 
influential in these developing studies. Karen Horney, as one of these early 
psychoanalysts, accepted many of Freud’s views but rejected his theory that 
biological and sexual factors were primary in personality relations. She rebuked 
the developers of psychoanalysis for their male-centered views. Instead, she 
averred that cultural factors, not women’s feelings of inferiority, were more 
important in perpetuating the idea that females were subordinate to males in 
society. 

Born in Hamburg, Germany, Karen Danielsen was the daughter of a Nor¬ 
wegian sea captain and a Dutch mother. Although her father did not approve 
of education for women, her mother was supportive. The couple separated, and 
after the separation Karen Danielsen moved to Freiburg, where she attended 
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the university and excelled both academically and socially. She met the hand¬ 
some and brilliant economics major, Oskar Horney, at Freiburg, and eventually 
both entered the University of Gottingen where they were married. Success¬ 
fully combining marriage with work, she eventually received her medical de¬ 
gree in 1915. During the time that she was in medical school she had three 
daughters. She also became interested in psychoanalysis and joined the Berlin 
Psychoanalytic Society headed by Karl Abraham. Between 1922 and 1929, 
Horney wrote her most important papers on feminine psychology in which 
she theorized that young women did not envy males their penises but rather 
the superior position of men in society. 

Horney and her husband separated in 1926, and between 1926 and 1932 
she focused on personal conflicts. During this time she published six papers 
on marital problems and also considered the importance of raising adoles¬ 
cents. Horney immigrated to the United States in 1932 after she was offered 
a job as assistant director of the Institute for Psychoanalysis in Chicago. Two 
years later she moved to New York City to work at the New School for Social 
Research and at the New York Psychoanalytic Institute. Here she wrote her 
most significant and most controversial books, The Neurotic Personality of 
Our Time (1937) and New Ways of Psychoanalysis (1939). Her reinterpreta¬ 
tion of Freudian ideas created professional pandemonium with the result that 
she resigned from the New York Psychoanalytic Society in 1941. However, 
that same year she became one of the founders of the Association for the Ad¬ 
vancement of Psychoanalysis and of the American Institute of Psychoanalysis, 
where she served as dean until she died of abdominal cancer in 1952. Her 
contributions to theories in various fields are legion; she opened the door to 
holistic thinking and freedom from mechanistic structures (Rubens 1978). 


Emily Noether (1882-1935) 

Mathematician Emily Noether elected a field of study that few early 20th- 
century women chose. Born into a distinguished German-Jewish family of 
scientists, mathematicians, and musicians, Emmy Noether decided to study 
mathematics at the University of Erlangen where her father was a research 
mathematician. However, she was admitted only as an auditor, for women could 
not yet matriculate at the university. She stayed at Erlangen for two years but 
left to attend the University of Gottingen, again as a nonmatriculated student. 
However, after she had spent one semester at Gottingen, Erlangen changed 
its policy and allowed women to matriculate and take examinations with the 
same privileges as men. At Erlangen, she studied under the algebraist Paul 
Gordan and in 1807 received her doctorate, summa cum laude, for a disser¬ 
tation on algebraic invariants. Even with a doctorate it was almost impossible 
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for a woman to obtain a paid position. Consequently, from 1908 to 1915 
Noether worked without pay at the Mathematical Institute at Erlangen. David 
Hilbert, the mathematician, invited her to Gottingen to lecture in 1915 and 
tried unsuccessfully to obtain a university appointment for her. Finally (1922) 
she was given the title of “unofficial associate professor” and a small salary. 
She remained at Gottingen until 1933 when she (and other Jewish faculty mem¬ 
bers) received a communication that withdrew from her the right to teach at 
this university. She accepted an offer to teach at Bryn Mawr College partly 
because of its tradition of eminent female mathematicians, including Charlotte 
Scott and Anna Pell Wheeler. In the United States she lectured and did re¬ 
search at both Bryn Mawr and the Institute for Advanced Study at Princeton, 
New Jersey. However, after two years she died after undergoing surgery for 
an ovarian cyst. 

Emmy Noether was an original and creative mathematican. Mathematicians 
now speak of the “Noether school” of mathematics because her work in ab¬ 
stract algebra in which she concentrated on formal properties such as asso¬ 
ciativity, commutativity, and distributivity has inspired so many successors 
(Ogilvie and Harvey 2000). 


Beatrix Potter (1866-1943) 

Beatrix Potter is remembered more for her children’s stories than for her sci¬ 
ence. In many ways her accomplishments as a British natural historian hearken 
back to an earlier period when women could only pursue science at home. 
Her family was well-to-do but aloof, and she spent most of her time isolated 
in a third-floor nursery with her brother Bertram. After Bertram went away 
to school, Beatrix received a minimal education with a governess, studying 
French, German, and needlework. Her more formal studies were completed 
with a Miss Cameron with whom she studied from ages 12 to 17 and com¬ 
pleted the Art Student’s Certification, second grade, in July 1881. 

Painfully shy, Beatrix took comfort in drawing natural history objects. She 
kept careful notes on her collections and drew them in great detail. With Ber¬ 
tram she skinned dead rabbits and boiled them until only the bones remained. 
She then drew the skeletons. She also caught and tamed rabbits, bringing 
them back to London as pets. Her shyness only grew worse as she got older. 
At age 19, she visited the British Museum and drew many of the objects in the 
collections there. On family vacations to Scotland she became interested in 
fungi, and she drew and described numerous specimens in a coded journal. 
Her uncle tried unsuccessfully to have her accepted to study at the Royal 
Botanic Gardens. She shared her research on the germination of spores with 
the Linnaean Society of London. However, after the keeper of botany at the 
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Museum of Natural History disparaged her work on fungi, she returned to the 
picture letters that she had sent to the children of her last governess, Annie 
Moore. These letters were the basis for what became The Tale of Peter Rabbit. 
This children’s story, based on her own rabbit, Benjamin Bouncer, was re¬ 
jected by a series of publishers. Finally the Frederick Warne publishing com¬ 
pany suggested that she publish the letters in color. She did so, and the books 
were a success. She became engaged to Norman Warne, her editor, but he 
died suddenly at the age of 37. 

After her aging parents died, Potter bought a farm where she continued to 
write children’s stories. After buying additional land she married the solicitor 
in her land purchases when she was 47 years old. For the last 30 years of her 
life, Potter was a farmer. 

Potter’s research on fungi did not get the attention that it deserved. She 
described the symbiotic relationship between algae and fungi in lichens. Al¬ 
though a Swiss botanist had previously described lichens as consisting of two 
organisms, British botanists did not accept his theory. Potter’s manuscript 
using the term symbiosis was burned after her death. However, when her 
encoded notebooks were deciphered, her theory became available. Even 
though her uncle had introduced her to the director of the Royal Botanic Gar¬ 
dens at Kew, Sir William Turner Thiselton-Dyer, he was uninterested in her 
ideas on symbiosis and claimed that her drawings were “too artistic” to meet 
scientific criteria (Ogilvie and Harvey 2000). 


Margaret Higgins Sanger (18797-1966) 

Margaret Sanger is important in the social history of science. Known for her 
advocacy of birth control, she became an activist in support of her ideas. As 
the sixth of 11 children she saw the relationship between poverty and over¬ 
population very clearly. After the death of her tubercular mother whom she 
had cared for, Sanger trained as a nurse. She married architect William Sanger 
in 1902 and the couple produced two sons and a daughter. The daughter 
died of pneumonia when she was five years old. The life of a housewife never 
appealed to Sanger. She became involved with radical politics and took a 
position as a home nurse on the Lower East Side of New York City. As an ac¬ 
tivist in the International Workers of the World (IWW), one of her first causes 
was organizing textile workers in the Northeast. She soon recognized the con¬ 
nection between the issues of economic and social justice and feminist demands 
for the right of women to control their own bodies. Without sexual reform for 
women, the ability to command higher wages simply would not happen. 

Her radical political activities weakened her marriage. Sanger and her hus¬ 
band began to grow apart during the second decade of the 20th century. She 
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The July 1919 cover of the Birth Control 
Review. The magazine was published 
by the American Birth Control League, 
led by contraception activist Margaret 
Sanger. (Special Collections, New York 
Public Library) 

began publishing articles in the socialist weekly, The Call, disseminating in¬ 
formation on venereal diseases, the dangers of abortion, and contraception. 
However, these efforts were thwarted because of the provisions of the Com¬ 
stock Act of 1873 banning materials from the United States mail considered 
obscene, including information on contraception and abortion. Attempting to 
eliminate the stigma of obscenity from contraception, she went to Europe 
(1914) with its more accepting environment to study methods of female- 
controlled contraception. When she returned to the United States full of in¬ 
formation, she began to fight for the legalization of birth control through the 
publication of her journal The Woman Rebel. The dissemination of this pub¬ 
lication caused her to be indicted for violating the Comstock Act. Her response 
was to leave again for Europe. While she was gone, her pamphlet Family Lim¬ 
itation was distributed by her followers. During this second visit she learned 
about the spring-controlled diaphragm. While she was in Europe her husband 
William was arrested by a Suppression of Vice agent for handing out Family 
Limitations and their daughter died of pneumonia. Back in the United States, 
Sanger embarked on a nationwide tour disseminating the knowledge she had 
gained in Europe. She and her younger sister opened the Brownsville clinic 
in New York and counseled almost 500 Brooklyn women before the clinic was 
closed and Sanger was arrested and put in jail. This highly publicized event led 
to the clarification of the New York law that forbade the distribution of birth 
control information, resulting in what Sanger considered a mandate for physi¬ 
cian-staffed birth control clinics. 


BIRTH 

CONTROL 
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While Sanger was in Europe, she had met Havelock Ellis, who suggested 
that she separate herself from militant feminism and concentrate on social 
and eugenic arguments for birth control. She gained financial support from 
prominent people, allowing her to organize the American Birth Control League 
which later became the Planned Parenthood Federation of America. 

William Sanger had problems with Margaret’s sexually liberated views and 
actions. She railed against the double standard for sexual behavior and found 
it offensive. However, they stayed together until 1920 when Sanger divorced 
him. She married mi llionaire J. Noah Slee in 1922 after he agreed to respect 
her autonomy and fund her cause. Her later accomplishments included open¬ 
ing the first doctor-staffed birth control clinic in the United States: Birth Con¬ 
trol Clinical Research Bureau, New York City (1923); forming the Committee 
on Federal Legislation for Birth Control; and helping to found the International 
Planned Parenthood organization (1952). One of her most important lobby¬ 
ing efforts came after a long legal battle to reverse the Comstock Act’s clas¬ 
sification of birth control as an obscenity. Her eventual success led to the 
American Medical Association’s recognition of contraception as a legitimate 
medical service and one that should be taught in medical schools. After this 
1937 success, Sanger moved to Tucson, Arizona, for her and her husband’s 
retirement. Never fully retiring, Sanger brought the work of biologist Gregory 
Pincus to the attention of Katherine Dexter McCormick, who partially subsi¬ 
dized the birth control pill. In I960, Sanger died of congestive heart failure at 
a Tucson nursing home (Ogilvie and Harvey 2000). 


Nettie Maria Stevens (1861-1912) 

Nettie Maria Stevens, who, along with Edmund Beecher Wilson, is credited 
with discovering the chromosomal determination of sex, was born in Caven¬ 
dish,Vermont, to Julia (Adams) and Ephraim Stevens, a carpenter. She had 
only one sister, Emma Julia, who survived to maturity. Stevens’s early education 
was in the public schools of Westford, Massachusetts, and later the Westford 
Academy. After her graduation from Westford in 1880, she attended the 
Westfield (Massachusetts) Normal School. To save money for her future ed¬ 
ucation, following graduation from Westfield (in 1883), she taught Latin, Eng¬ 
lish, mathematics, physiology, and zoology at a high school in Lebanon, New 
Hampshire; worked as a librarian at the Chelmsford (Massachusetts) Free Pub¬ 
lic Library; and taught at the Howe School, Billerica, Massachusetts. 

In 1896 Stevens had saved enough money to enter Stanford University where 
she matriculated as a special student. In January 1897, she was awarded reg¬ 
ular freshman standing and in March of that year was admitted to advanced 
standing. Although during her first year at Stanford, Stevens proposed to 
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major in physiology under Oliver Peebles Jenkins, in 1897-1898 she became 
a student of Frank Mace MacFarland and began to concentrate in histology. 
After receiving a bachelor’s degree in 1899 she remained at Stanford as a grad¬ 
uate student, obtaining a master’s degree in 1900. Her M.A. thesis, Studies on 
Ciliate Infusoria, was published in 1901. While she was a student at Stanford, 
Stevens spent four summer vacations at the Hopkins Seaside Laboratory at 
Pacific Grove, California, pursuing histological and cytological research. 

In 1900, Stevens returned to the East to study at Bryn Mawr College. This 
institution was a fine choice for a potential cytologist or histologist because 
two well-known biologists, Edmund B. Wilson and Thomas Hunt Morgan, 
were on its faculty. Although Wilson had left before Stevens arrived, his rep¬ 
utation remained at the school. Wilson corresponded with Morgan who be¬ 
came one of Stevens’s teachers. When she first came to Bryn Mawr she worked 
with Joseph Weatherland Warren on the physiology of frog contractions, but 
shortly thereafter she began to work with the geneticist Thomas Hunt Morgan 
whose interests at that time were in cytology and regeneration. Morgan did 
not accept a chromosomal theory of heredity until much later. After six 
months at Bryn Mawr, Stevens was awarded a fellowship to study abroad. Her 
work at the Naples (Italy) Zoological Station and at the Zoological Institute 
of the University of Wurzburg, Germany, resulted in several papers. After her 
year abroad (1901-1902) Stevens returned to Bryn Mawr and was awarded 
the Ph.D. degree in 1903. Her dissertation, Further Studies on the Ciliate In¬ 
fusoria, Licnophora and Boveria, was published in the same year. 

Stevens retained an affiliation with Bryn Mawr College for the rest of her 
life. She became a research fellow in 1902 and remained in that position until 
1904. Her research in 1903-1904 was funded by a Carnegie Institution Grant. 
From 1904 to 1905, Stevens was a reader in experimental morphology and from 
1905 to 1912, an associate in experimental morphology. It seemed as if she 
would finally be rewarded for her excellent research work when the trustees 
of Bryn Mawr created a research professorship for her; unfortunately, she died 
of breast cancer before she could occupy it. 

During her lifetime, Stevens published at least 38 papers, most of which 
were cytological in nature, although some were in experimental physiology. 
All of these papers were exquisitely conceived and executed, but one partic¬ 
ular set of research results assured her place in the history of cytogenetics. 
During the years of her Carnegie Foundation research work, she demonstrated 
that sex is determined by a specific chromosome. 

During the late 19th and early 20th centuries, the behavior of the chromo¬ 
somes during cell division had been described, but their connection with 
Mendelian heredity had not been confirmed. No trait had been traced from 
the chromosomes of the parent to those of the offspring, nor had a specific 
chromosome been linked with a specific characteristic. Hints existed, however, 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


90 Women, Science, and Myth 


that the inheritance of sex might provide the sought-after link, for if sex were 
shown to be inherited in a Mendelian fashion, a chromosomal basis for hered¬ 
ity would be supported. 

Stevens was one among several investigators interested in the problem of 
chromosomes and sex determination. By 1903, when she applied to the 
Carnegie Institution for a grant, she described one of her research interests as 
“the histological side of the problems of heredity connected with Mendel’s 
Law” (Stevens, Letter to the Secretary of the Carnegie Institution, July 19,1903). 
While Stevens was doing her research, Columbia University professor Edmund 
Beecher Wilson was working on the same problem. Both Wilson and Stevens 
concluded that sex was determined by a specific chromosome, raising the 
question of which of the scientists made the discovery first. Until recently, 
Wilson was credited with this discovery, but recent research has indicated 
that the two arrived at their conclusions independently. While studying sper¬ 
matogenesis in five insect species from four different groups, Stevens ob¬ 
served that two species had an extra or “accessory” chromosome in the male. 
The common mealworm, Tenebrio molitor, was especially interesting because 
the size of one chromosme differed in males and females. In 1905, Stevens 
established that male mealworms have 19 large chromosomes and females 
20 large ones. She tentatively concluded that this situation represented a case 
of sex determination by the particular pair of differently sized chromosomes, 
for she assumed that the spermatozoa containing the small chromosome de¬ 
termine the male sex and those containing 10 large chromosomes the female. 
Neither Stevens nor Wilson stated their conclusions unequivocally, for the 
situation in different insect groups was extremely varied. Clearly, however, 
Stevens recognized the significance of the chromosomal differences between 
males and females, and she continued investigation in a number of different 
species in an attempt to establish a pattern (Ris 1973; Ogilvie and Choquette 
1981; Maienschein 1990; Ogilvie and Harvey 2000). 


Conclusion 

The achievements of these women and many others were possible because of 
the political and educational changes made in the previous century. Although 
women were still at a decided disadvantage, as the century progressed they 
had the opportunity to earn college degrees, to participate in professional or¬ 
ganizations, and (more rarely) to use their education to earn a living. Ellen 
Swallow Richards and home economics became a model for an acceptable 
career for women. But it was not only “women’s work” that women scientists 
were engaged in. They were active in astronomy (Annie Jump Cannon), med- 
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icine and bacteriology (Alice Hamilton), psychology and psychoanalysis 
(Karen Horney and Melanie Klein), mathematics (Emily Noether), scientific 
illustration (Beatrix Potter), social science (Margaret Sanger), and cytogenetics 
(Nettie Maria Stevens). These women represent a new generation of creative 
women scientists. Bryn Mawr-educated Nettie Stevens, for example, produced 
a major theoretical breakthrough in her hypothesis on sex determination by 
chromosomes. Annie Jump Cannon was able to take advantage of her edu¬ 
cation at Wellesley and Radcliffe to become an assistant at the Harvard Col¬ 
lege Observatory. Horney and Klein made creative contributions to the new 
study of psychoanalysis. Although she had a difficult time finding a paid po¬ 
sition after she obtained her Ph.D. from the University of Gottingen, Emmy 
Noether demonstrated that women could be creative in mathematics. Although 
Beatrix Potter was never able to transcend her environment to be accepted in 
British natural history circles, her skill s at drawing and writing reflected her 
knowledge. Margaret Sanger was not a theoretical scientist but she was totally 
committed to publicizing the dangers of overpopulation and was effective in 
educating the public. Thus, during the early 20th century, women were in¬ 
volved in most aspects of science, both theoretical and practical. (See also 
Women’s Education) 
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Disciplines 

Chemistry 

Cecilia H. Marzabadi 


Background 

Women have practiced chemistry since the beginnings of recorded time. How¬ 
ever, the reports of women’s roles in chemistry are limited. In part, this is 
because prior to the end of the 19th century, women lacked access to formal 
education. It was not until the universities opened their doors to female stu¬ 
dents in the late 1800s that women began to be recognized for their achieve¬ 
ments in chemistry. 

The first woman to gain admittance to any school of science and technol¬ 
ogy in the United States was Ellen Swallow Richards in 1870 (WIST, APA Web 
site). As a condition for her admittance at the Massachusetts Institute of Tech¬ 
nology, there was an understanding “that her admittance did not establish 
a precedent for the general admission of females.” Three years later, she re¬ 
ceived a bachelor of science degree in chemistry from MIT as well as a master 
of arts degree from the women’s college, Vassar. She continued to study at 
MIT and would have been awarded the school’s first doctoral degree, but 
the faculty rescinded her degree, unwilling to have a woman receive this 
distinction. 

Certain fields of chemistry proved early to be more hospitable to women 
than did others. In particular, women tended to fare better in the fields of 
crystallography, radioactivity, and biochemistry (Rayner-Canham 1996, 2001). 
These three areas were seen as relatively uncharted, on the fringe of science, 
and with uncertain prospects for success. But importantly, some of the early 
men in these fields were receptive to mentoring female students. 


Crystallography 

Two early crystallographers were William H. Bragg (Royal Institution, London) 
and William L. Bragg (University of Manchester, England). In 1923, three of 
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W. H. Bragg’s students were women. In subsequent years, seven additional 
women worked with him. W. L. Bragg’s first research student was Lucy Wilson 
from Wellesley College, joined later by many other women. 

Kathleen Yardley (Lonsdale) was the first female crystallographer to gain 
prominence. She received her master of science degree in 1924 and her doc¬ 
tor of science degree in 1927 from University College under the direction of 
W. H. Bragg. She is best known for her work on the structure of benzene, 
which gave her international recognition. Yardley married Thomas Lonsdale in 
1927 and had three children. He was an extremely supportive spouse. At one 
time Yardley Lonsdale had considered quitting work to become a traditional 
housewife but Lonsdale insisted he had not married to have a free house¬ 
keeper and encouraged her to continue working. She had difficulty finding 
an academic post for many years, but at the age of 43 she finally received a 
position at University College where she remained for many years (Rayner- 
Canham 2001). 

By far, the most famous of all female crystallographers was Dorothy Crow¬ 
foot Hodgkin. This prominent scientist received the Nobel Prize for her work 
on the structures of penicillin, vitamin B 12 , and insulin. 

Whereas Hodgkin’s life was full of successes, another female colleague, 
Rosalind Franklin, never received the recognition she deserved for her con¬ 
tributions to structural elucidation of DNA. The photograph of DNA that 
Franklin had obtained was “leaked” to James Watson and Francis Crick; this 
led to the publication of their famous Nature paper on the structure of DNA, 
and Watson and Crick subsequently received a Nobel Prize (in 1962) for 
this work. 


Radioactivity 

Many of the women who excelled in this area of chemistry came from three 
famous research groups—French, British, and Austro-German (Rayner-Canham 
1996, 2001). One of the reasons for the great success of women from these 
institutions is due in part to the collaborative efforts among these research 
groups and the opportunities provided for informal socialization among the 
women. 

One well-known woman from the French group was Marie Curie. Parisians 
saw the famous Madame Curie as the role model for women. However, Curie 
did not seem to act in any mentoring role; instead, some have hypothesized 
that because of her rapid fame she accepted more readily the values of the 
male society than those of the women who struggled for success. 
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Biochemistry 

As in the other two fields discussed, biochemistry also had less-defined pre¬ 
requisites for entry into its study and also had its share of supportive mentors 
(Rayner-Canham 1996, 2001). 

The founder of modern biochemistry, F. Gowland Hopkins, is often cred¬ 
ited with initiating the female-friendly nature of this area of study. Hopkins 
in the United Kingdom at Cambridge University and Lafayette Mendel at Yale 
University in the United States provided the environment that allowed many 
early female biochemists to succeed. 

One notable biochemist to come from Mendel’s group was Icie Macy 
Hoobler. Hoobler devoted more than 30 years of her life to studying women’s 
health and nutrition-related issues. Other accomplished biochemists from this 
era included Rachel Fuller Brown, who was credited with the discovery of the 
anti-fungal compound, nystatin; Gerty Cori, who investigated the metabolism 
of carbohydrates; and Gertude Elion, the co-discoverer of several potent an¬ 
tiviral drugs, including acyclovir. The latter two women were also recipients 
of the Nobel Prize. 


Women in Industrial Chemistry 

In addition to women’s lack of access to advanced chemical studies, once 
they had been trained, they still faced barriers in their professional lives. One 
such barrier was opposition to their membership in professional chemical so¬ 
cieties. For example, both the Chemical Society of London and the American 
Chemical Society excluded women from participation until the early 1890s 
(Rayner-Canham 1996). In spite of this additional discouragement, women 
were determined to enter the profession of chemistry. It took the events of 
World War I to begin to open the doors of industrial chemistry to them. World 
War I (1914-1918) is often called the “Chemists War” because of the increasing 
demand for explosives, poison gases, dyes, and pharmaceuticals (Rayner- 
Canham 2001). Many of the male chemists of the time were drafted, and more 
and more women began to enter the workplace out of necessity. Many of these 
women were unskilled workers. The proportion of women in many chemical 
companies during this time was as high as 88 percent. 

The work was often quite dangerous and women were paid about two 
thirds of men’s salaries. The health effects from working with toxic compounds 
were often quite severe. In particular, tetranitrotoluene (TNT) poisoning gave 
a particular yellowish coloring to the skin and a green color to hair. The 
women who worked with this compound were called the “Canary Girls.” 
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Other women during this period took jobs painting radium onto the faces 
of watch dials; the decay of the radium caused the numbers to glow in the 
dark, a glowing watchface being useful during night warfare (Kovarik 2002). 
This activity was also dangerous, but to make it even more hazardous, many 
of the workers licked the tips of the paintbrushes in order to get a fine line on 
the watch face. The “Radium Girls” developed many lip and mouth cancers, 
and many eventually died from this exposure. Five women in particular are 
famous for this title because they sued their employer, the United States Ra¬ 
dium Corporation, because of the health effects they experienced. 


Post-World War I 

Once the war was over, the job situation for women became much worse. 
Many were asked to resign to free up positions for the men returning from 
the war. There were other arguments against the employment of women in 
the chemical industry. Some commented that women generally marry, have 
children, and leave the profession. Others believed that often the nature of 
industrial work was unsuitable for women because it frequently involved phys¬ 
ically arduous tasks. Still others questioned the scientific proficiency of women, 
claiming that women did not have the “research type of mind” or were con¬ 
cerned with thinking about “womanly things.” 


World War II 

The employment situation for industrial women chemists remained stagnant 
until World War II when women were again recruited to fill vacancies left 
when the male chemists went to war. Not only were these openings tempo¬ 
rary but the demand for female chemists was not as great as expected, with 
many employers hiring women “only as a last resort.” Reasons given for the 
underemployment of women included the need to provide women’s wash¬ 
rooms and the impingement on privileges of the male workers (i.e., being 
able to wear their undershirts when it was hot or to swear). 

At the end of the war, women were afraid to fight for their jobs. Some ad¬ 
vocated “the cheerful acceptance” of their demotion after the men returned. 
Some believed that women should just seek other niches in which they could 
excel (i.e., microanalysis, which required delicate manipulations of small 
amounts of materials, or library science). After World War II, the situation was 
far from hopeful for women in the industrial sector. 
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Today’s Situation in the Industrial Workforce 

The number of women entering the industrial workforce has increased steadily 
over the last several decades. However, at the highest levels of training 
women are employed in numbers below the pool of available graduates. For 
example, in the year 2000, the percentage of women holding bachelor’s level 
industrial positions was 33.5 percent; at the master of science degree level, 
28.9 percent of the positions were held by women; and for those positions 
requiring a doctoral degree, only 15.1 percent were filled by women. 

The salaries of women surveyed in the year 2000 averaged 75-80 percent 
of the salaries received by men in similar positions. Women from this group 
were also more likely than their male counterparts to work part-time or hold 
temporary positions. Finally, the positions held by women differed from those 
held by the men in this group. Women were less likely than were men to 
have management positions (12% versus 88%). Women continued to be em¬ 
ployed in high numbers in niches such as chemical information (librarians), 
analytical services, and training functions (Women Chemist Committee 2001). 

Women in Academic Chemistry 

The number of women enrolled in baccalaureate programs in the sciences 
continues to increase. In fact, women today constitute more than 50 percent 
of the bachelor degree recipients in chemistry in the United States and more 
than 30 percent of the chemistry doctorates awarded at the schools ranked by 
the National Research Council as the top 50 (Marzabadi 2006). 


The 1960s and Title IX 

One of the largest periods of growth in the number of women receiving ad¬ 
vanced science degrees occurred in the period 1963-1970. This followed a huge 
surge in federal funding that followed the launch of Sputnik by the Soviet 
Union in 1957. Also instrumental to the increase in women achieving advanced 
degrees were the Civil Rights Act of 1964 (Title VII) and Title IX. 


Women in the Professoriate 

The last 20 to 30 years has also shown a steady increase in the number of 
women teaching at four-year colleges. Between 1990 and 2000 the percentage 
of women who were full professors at these institutions increased from 6.7 
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percent to 11.8 percent. Increases over this same time were also seen at the 
associate and assistant professor levels (18.0 percent to 25.8 percent, and 25.2 
percent to 34.2 percent, respectively). However, the number of women on 
the faculties at Ph.D.-granting institutions has increased much more slowly. 
In 2006, only 10 percent of full professors at top 50 U.S. schools were women; 
22 percent of the associate professors and 21 percent of the assistant profes¬ 
sors were women (Marasco 2006). 

The MIT Report and comments by former Harvard President Larry Sum¬ 
mers reveal discrimination and discouragement for women scientists, especially 
at these elite institutions. In addition, women’s personal choices for a bal¬ 
anced lifestyle may also contribute to the lack of parity observed in academic 
chemistry. 


The Future 

Although the number of women participating in chemistry at all levels is in¬ 
creasing compared to men, attrition of women occurs at each subsequent level 
of higher education. Senior female women in industrial and academic positions 
are scarce. 

It is clear from the preceding historical perspective that both subtle and overt 
discrimination practices in the chemical workplace have impeded women’s 
progress. More effort must be made to promote women to leadership posi¬ 
tions within the field of chemistry and to recognize them for their accom¬ 
plishments. (See also Discrimination; Nobel Laureates) 
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Physics/Astronomy 


Barbara L. Whitten 


Physics 

Anyone who looks at the history of science sees that there have always been 
women in science, no matter how high the barriers they faced. Physics began 
as a distinct discipline with the publication of Newton’s Principia Mathemat- 
ica in 1686. Emilie du Chatelet (1706-1749) made the first French translation 
of this central work and helped to reconcile Newton’s and Leibniz’s versions 
of mechanics. The only woman scientist many people know about is physicist 
Marie Curie, the discoverer of radium and first scientist to win the Nobel Prize 
twice. Two other women physicists have also won the Nobel Prize: Irene Jo- 
liot-Curie, Marie’s daughter, for synthesizing new radioactive elements, and 
Maria Goeppert Mayer, for inventing the shell model of the nucleus. Many 
believe that two other women physicists should have been Nobel Laureates: 
Lise Meitner, co-discoverer of nuclear fission, and Chien-Shiung Wu, who per¬ 
formed the difficult experiment to show parity nonconservation. The Web site 
“Contributions of 20th Century Women to Physics” (http://cwp.library 
.ucla.edu/) describes the work of many other eminent women. 

But despite this wealth of role models, physics remains a male-dominated 
field. In an early study of women in science and engineering, Stephen Brush 
called physics “the coldest science” for women (Brush 1991). Figure 1 shows 
that physics lags significantly behind the other sciences in participation by 
women. In the last 30 years many physicists have made significant efforts 
to increase the diversity of the physics community, and the participation by 
women in physics has increased sharply. The percentage of women in re¬ 
ceiving Ph.D.s in physics rose from 3 percent in 1972 to 18 percent in 2003. 
Essentially all of these women are white; the participation of women of color 
in physics is vanishingly small. From 1997 to 2003, an average of fewer than 
three Hispanic women and African American women earned Ph.D.s in physics 
each year (Ivie and Ray 2005). 
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Figure 1. Paricipation of women in American science. 


It is not clear why physics is so unfriendly to women, but we can rule out 
a few common explanations. The rapid rise in the participation of women in 
recent decades argues against the suggestion, made by Larry Summers and 
others, that women lack innate talent. Others propose that the material of 
physics is inherently unattractive to women, an explanation rendered unlikely 
by the much higher participation of women in closely related disciplines like 
mathematics and chemistry. The participation of women in physics in differ¬ 
ent countries varies wildly, from 8 percent in Japan to 27 percent in France 
(Hartline and Li 2002) without any clear pattern, which suggests that some of 
the explanation is cultural. 

Figure 1 shows that the participation of women in physics decreases at 
every step up the academic ladder. This is often called the “leaky pipeline,” 
and much attention in the physics community is devoted to plugging leaks, 
that is, to encouraging women in physics to continue. The pipeline metaphor 
has recently come under criticism because it assumes that the only path to a 
faculty position in physics is to decide in high school and never deviate from 
that decision. This misrepresents the complexities of women’s career paths; 
perhaps women do (or could) drop in to physics at other points. They may 
have left physics and wish to return, or they may decide on a career in physics 
in college or later. It is difficult to measure the size of these pools of women, 
but Xie and Shauman (2003) studied paths of scientists through college. They 
found that men are more likely to choose the “path of persistence,” never de¬ 
viating from their initial choice of a science major. More women decide on a 
science major after coming to college. This path into physics is made more 
difficult by the undergraduate physics major, with its tightly interlocking math¬ 
ematics and physics prerequisites. It might be useful to consider ways to make 
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the physics major more flexible. We might learn from historically Black col¬ 
leges, which often arrange their curriculum so that there is more than one 
starting point for students with different backgrounds. 

Recruiting and retaining women in physics requires different approaches 
at different points in a career path. For precollege students, there are many 
programs to encourage girls’ interest in science in general; few are focused on 
physics. At the undergraduate level, efforts have addressed both curriculum 
and department culture. The first year of science courses has been singled 
out as unattractive to students in general and women and minorities in par¬ 
ticular. Seymour and Hewitt (1997) argue that the impersonal structure of in¬ 
troductory science classes is unnecessarily discouraging to young women, 
who drop out in larger numbers than men, even with performance as good 
as that of men. The structure of physics classes was designed largely by male 
professors for students like them and is more likely to be amenable to male 
learning styles. 

The physics community has made major efforts in recent years to reform the 
introductory physics class; one of the stated goals is to make the course more 
attractive to underrepresented students. This has resulted in more active ped¬ 
agogy that emphasizes interactive classes, peer learning, and more exploratory 
exercises. See, for example, Workshop Physics, developed by Priscilla Laws 
and collaborators (Jackson, Laws, and Franklin 2002). Many physics faculty 
find that an atmosphere of cooperation rather than competition, both inside 
and outside the classroom, encourages women students. 

Other work has focused on department culture. Whitten et al. (2003) 
found that a warm department that offers many opportunities for students 
and faculty to interact informally is vital to a female-friendly atmosphere. 
Other important components include tutorial programs staffed by majors, a 
student lounge, seminars, department parties, and outreach activities to the 
community. 

The American Physical Society Committee on the Status of Women in Physics 
has studied the climate for women in graduate programs. They also find that 
a warm department culture encourages women students and recommend 
activities that give students and faculty an opportunity to interact informally. 
The first year is critical for graduate students, and the committee recommends 
that departments offer good teaching and advising to first-year graduate stu¬ 
dents. More senior graduate students appreciate better career advice. 

Career-family conflicts are the most important barrier to career advance¬ 
ment for postdocs and junior faculty in the early stages of their career. Xie 
and Shauman (2003) suggest that geographical mobility early in a scientific 
career is important to success. Because so many more women than men are 
married to other scientists, and because young people are also establishing 
their families during this time, lack of mobility can be very detrimental to 
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women’s careers. Mason and Goulden (2004) show that 70 percent of men 
with tenure are married with children, compared to only 44 percent of women. 
Women are often forced to choose between their career and family in a way 
that men are not. 

Finally, the MIT report (MIT 1999) found that senior women scientists at 
MIT have smaller lab space, less access to internal funds and graduate stu¬ 
dents, fewer nominations for prizes and invited speakers, and other perks of 
a successful scientific career than their equally accomplished male colleagues. 
It is helpful to remember that this is how discrimination works in the 21st cen¬ 
tury. Blatant discrimination has been against the law for decades and rarely 
occurs. But more subtle forms of discrimination, much harder to measure 
and harder to fight, accumulate over a lifetime and keep these distinguished 
women from the prestige and rewards that equivalent male scientists accept 
as a matter of course. It is encouraging that elite institutions are beginning to 
recognize and address these issues. 


Astronomy 

Though astronomy is often grouped with physics, it is a distinct science with 
its own methods and its own culture, which is much more friendly to women. 
This may be because of the presence of very well-known women in astron¬ 
omy, beginning with astronomer Maria Mitchell, probably the most famous 
American woman scientist of the 19th century. She discovered a comet at the 
age of 28 when she was working as a librarian on Nantucket; she went on 
to a distinguished career at the newly established Vassar College, where she 
involved students in her research and inspired generations of students. Sarah 
Frances Whiting, though less well known, played a similar role at Wellesley 
College. Edward Pickering, the director of the Harvard College Observatory, 
hired a number of women to perform what he thought of as mundane tasks 
such as sorting and classifying stellar spectra and maintaining star catalogues. 
This became an acceptable form of “women’s work” and gave women scientists 
a new role in astronomy (Rossiter 1982). 

This legacy stands today, of many important astronomers being women, 
including, for example, Vera Rubin, who discovered the existence of dark mat¬ 
ter, and Jocelyn Bell Burnell, who found the first pulsar as a graduate student. 
Of the 87 astronomers in the National Academy of Sciences, 10 are women. 
Figure 1 shows that women participate in astronomy at all levels at a rate higher 
than in physics. The higher participation by women has some positive effects 
on the astronomy community; American Astronomical Society meetings, for 
example, unlike physics meetings, offer child care. 
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Astronomer Jocelyn Bell Burnell. (The Open University/Courtesy AIP Emilio Segre 
Visual Archives) 


Some physics programs use the attractiveness of astronomy to recruit stu¬ 
dents into the physics major. This is particularly noticeable in women’s col¬ 
leges, where faculty work hard to recruit students into the major. Astronomy 
lends itself to student-faculty research and to outreach programs using ob¬ 
servatories and planetariums, two important components of a female-friendly 
program. 

Much work remains to be done at all levels to encourage young girls to 
be interested in physics, to recruit women into physics, and to support those 
women who have opted into a physics career. In her 1875 presidential ad¬ 
dress to the Association for the Advancement of Women, Maria Mitchell said, 
“How much science needs women” (Rossiter 1982,15). These words are echoed 
by Donna Shalala, chair of the committee that produced the recent report by 
the National Academy of Science on women in science and engineering. 
“Women are capable of contributing more to the nation’s science and engi¬ 
neering research enterprise, but bias and outmoded practices governing ac¬ 
ademic success impede their progress almost every step of the way. . . . The 
United States should enhance its talent pool by making the most of its entire 
population” (Shalala 2006). (See also Discrimination; Nobel Laureates) 
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A common belief is that there are few women in mathematics. Some statistics 
about science and technology reinforce this view, and others counter it. For 
example, in the United States: 

Women earn 18 percent of Ph.D.s in physics, but 46 percent of Ph.D.s 
in biological sciences. 

Women represent 18 percent of network and systems administrators, but 
62 percent of accountants and auditors. 

Women are 39 percent of computer game players, but over 50 percent 
of Internet users. 

It is hard to infer much about women’s participation or interest in math¬ 
ematics from these figures (Commission on Professionals in Science and 
Technology 2006). One reason is that the figures concern fields related to 
mathematics—not mathematics itself. However, women’s participation in math¬ 
ematics is difficult—if not impossible—to characterize by any one statistic. It 
has varied and still varies considerably with time and place. 


Inside Mathematics: A Brief History 

Gaps in the historical record make it difficult to know the extent of women’s 
intellectual activities in any discipline. However, what is known suggests that 
differences in national practices can influence women’s participation—and 
documents women’s interest and determination in intellectual pursuits. It may 
come as a surprise that several firsts for women in mathematics and physics 
are also firsts for women in academe. 

For example, in the 17th and 18th centuries, a few women could study and 
lecture at Italian universities. Elena Cornaro Piscopia, the first woman to earn 
a doctorate of philosophy anywhere, was granted her degree in 1678 at the 
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University of Padua. Laura Bassi, the first woman to hold an official university 
position, was awarded a doctorate in 1732 at the University of Bologna and be¬ 
came a professor of physics there. In 1749, the University of Bologna offered 
an honorary chair of mathematics and natural philosophy to Maria Agnesi. 
Agnesi did not accept this offer, and in 1776 Bassi became the first woman 
to hold a university chair (Findlen 1999). 

German universities, which developed a new research-based approach to 
science in the 19th century, did not allow women to matriculate until 1902. 
But in the 1880s, women began to audit courses at German universities. One 
such auditor was Sonia Kovalevsky, who was granted (in absentia and as an 
exception) a doctorate in mathematics summa cum laude from Gottingen in 
1874, becoming the first woman to earn a Ph.D. in mathematics. In 1889, 
Kovalevsky accepted a position at the University of Stockholm, becoming 
the first woman in modern Europe to hold a chair at a research university. 
She was followed at Gottingen by Grace Chisholm who earned a Ph.D. in 
mathematics in 1895, becoming the first woman to earn a Ph.D. from a Ger¬ 
many university through the normal procedure—after getting official permis¬ 
sion from the German government (Case and Leggett 2005, 40). 

Agnesi, Kovalevsky, and Chisholm were all celebrated for their mathematical 
achievements, which differ according to the mathematical activities of their 
times. Agnesi was internationally known for her book on differential and in¬ 
tegral calculus. Kovalevsky’s and Chisholm’s achievements reflect the modern 
emphasis on research in academic mathematics. Kovalevsky became the first 
woman to be on the editorial board of a major scientific journal (Acta Math- 
ematica), received the prestigious Prix Bordin from the French Academy of 
Sciences, and was the first woman elected as a corresponding member of the 
Russian Imperial Academy of Sciences (Koblitz 1999, 216-217). Chisholm did 
not hold a university position but was known internationally for her re¬ 
search (Case and Leggett 2005, 39-45). 


Mathematics: Current Situation 

Since the 19th century, women’s participation in mathematics has continued 
to grow worldwide (Case and Leggett 2005). However, there is considerable 
variation by country and by university. As in many professions, one wide¬ 
spread trend is that the proportion of women decreases as rank and status 
increase. Statistics collected by European Women in Mathematics in the 1990s 
show a wide variation in percentages of women in mathematics departments 
but follow this trend. In Portugal and Macedonia, about 45 percent of math¬ 
ematicians were women, but women were only 5 percent and 8 percent, 
respectively, of full professors of mathematics. In Italy, 13 percent of full pro¬ 
fessors of mathematics were women, but in Sweden there were none. 
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In the United States, women are now 31 percent of tenure-eligible profes¬ 
sors of mathematics. They hold 16 of approximately 300 tenured positions at 
the “top ten” mathematics departments, yet Harvard (one of the top ten) has 
never hired a woman for a tenured or tenure-eligible position. Women earned 
27 percent of the Ph.D.s in mathematics granted to citizens in 2006, up from 
24 percent in 1990 and 18 percent in 1980. For over 20 years, women have 
earned between 40 percent and 48 percent of undergraduate degrees in math¬ 
ematics granted by U.S. universities, about twice the proportion of the 1950s 
(Commission on Professionals in Science and Technology 2006). 

In the United States, high school course-taking patterns have changed. 
National transcript studies indicate that in 1982, 5.7 percent of male high school 
graduates and 4.4 percent of female graduates took calculus. That increased 
in 2000 to 12.2 percent of males and 11.1 percent of females. In 2000, math¬ 
ematics courses other than calculus were taken by larger percentages of fe¬ 
males than males. Similarly, a 2001 California study called “Who’s Lagging 
Now?” found that in high school, female enrollment in college preparatory 
courses was greater than that of males—except for computer science. 

Mathematics achievement as measured by the National Assessment of Edu¬ 
cational Progress shows little gender difference. In contrast, the gap favoring 
men on the mathematics portion of the SAT has not changed, although test- 
taker demographics have changed: the percentage of women taking this test 
is now larger than the percentage of men. (Interestingly, the SAT items that 
produced the largest gender differences for U.S. students produced none for 
Japanese and Chinese high school students.) Women, however, tend to earn 
better grades in high school and college than men—overall and in mathe¬ 
matics courses. 

To summarize, in the United States, there is little overall gender difference 
in current college and precollege participation and achievement. Other mea¬ 
sures show gender differences: high school and college grades favor women, 
but SAT scores favor men. Women’s proportion of Ph.D.s and faculty positions 
has increased. These proportions vary considerably by country and univer¬ 
sity, but the proportion of women in faculty positions diminishes as rank and 
status increase. 

This rather complicated picture is not reflected in findings that receive wide 
publicity outside mathematics. We now turn to discussion of one such finding. 


Outside Mathematics: Popular Media 

In 1980, the psychologists Camilla Benbow and Julian Stanley published “Sex 
Differences in Mathematical Ability” in Science, reporting large gender dif¬ 
ferences in “mathematical reasoning ability.” Their evidence was scores on 
the mathematics SAT taken by seventh and eighth graders as part of a talent 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


112 Women, Science, and Myth 


search for a program at Johns Hopkins University. In a sample of about 
10,000, collected between 1972 and 1979, the distribution of boys’ scores dif¬ 
fered greatly from the distribution of girls’ scores. For example, 1,817 boys 
and 675 girls scored above 500. In their conclusion, Benbow and Stanley 
explicitly favored (their word) “the hypothesis that sex differences in achieve¬ 
ment in and attitude towards mathematics result from superior male mathe¬ 
matical ability . . . [which] is probably an expression of a combination of both 
endogenous and exogenous variables,” thus including the possibility of social 
and environmental factors. 

This carefully worded conclusion was not reflected in headlines such as 
“Do Males Have a Math Gene?” ( Newsweek ), “Boys Have Superior Ability, Study 
Says” ( Education U.S.A?), or “The Gender Factor in Math” (Time). Although 
discussion and criticisms of Benbow and Stanley’s data and interpretations 
were published in Science, these received little, if any, notice in mainstream 
media. 

Benbow and Stanley’s 1980 and 1983 findings, without discussion of their 
limitations or later talent search statistics, are still mentioned in the mainstream 
press (e.g., “Academy of P.C. Sciences,” New York Times 2006), and cited in 
popular works (e.g., Boys and Girls Learn Differently! 2001). 


Outside Mathematics: Psychologists and Psychological Research 

As noted previously, Benbow and Stanley’s findings in Science concerned tal¬ 
ent search ratios. They reported that in talent searches in 1980, 1981, and 
1982, about 13 boys to every 1 girl scored above 700 on the mathematics SAT. 
Over the three years, two separate searches were conducted: nationwide 
(total sample size approximately 24,000) and at Johns Hopkins (total sample 
size 39,820). 

Benbow wrote in a 1988 Behavioral and Brain Sciences article, “the ratio 
is 12.9 to 1 for the 278 cases reported in [the 1983 Science article]. When in 
November 1983 SMPY had temporarily completed its national search . . . the 
ratio remained around 12 to 1.” Later she stated, “From 1980, the [talent 
search] samples, have indeed been selected by the same criteria. During this 
time period there is no evidence for a decrease [in sex difference], rather the 
opposite.” (Particulars about this change such as sample size and change in 
ratio are not given.) She concluded, “it is clear after the testing of several hun¬ 
dred thousand intellectually talented 12- to 13-year-old students nationwide 
over a 15-year period that there are consistent [emphasis added] sex differ¬ 
ences favoring males in mathematical reasoning ability (or more specifically 
in SAT-M scores). These differences are pronounced at the highest levels of 
that ability.” 
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Between 1988 and 2000, the 13 to 1 ratio was reported in journal articles 
by Benbow and her colleagues ( Psychological Science 2000). In 2000, Lubin- 
ski, Benbow, and Morelock gave the 13 to 1 ratio in the International Hand¬ 
book of Giftedness and Talent, indicating that comparable ratios had been 
replicated across the United States in a number of talent searches. 

Other psychologists used this ratio in works such as Male, Female (Geary 
1998), The Blank Slate (Pinker 2002), or Gender Differences in Mathematics 
(Gallagher and Kaufmann 2005); none mentions later talent search ratios. This 
might suggest that these ratios have not changed since 1983. However, this 
is not the case. In Johns Hopkins talent search statistics collected between 
1984 and 1991, the average over-700 ratio was 5.7 to 1. The sample size was 
243,428, considerably larger than the earlier samples (Brody, Barnett, and Mills 
1994). Talent searches conducted by Duke University between 1981 and 1992 
produced an average over-700 ratio of 5.6 to 1. The sample size was 308,397. 
In 2005, Brody and Mills reported in High Ability Studies that the over-700 ra¬ 
tio had dropped to 3 to 1. In 2006, Benbow reported it as 4 to 1 in a personal 
communication (see Valian’s essay in Ceci and Williams 2007). 

Discussion. Psychologists in general appear to be unaware of the later tal¬ 
ent search findings, perhaps because they appeared in publications regarding 
gifted children rather than in mainstream psychological journals. More com¬ 
plex aspects of the talent search statistics are just beginning to receive discus¬ 
sion among psychologists (Ceci and Williams 2007; Gallagher and Kaufmann 
2005). Some major limitations are the following: 

The samples are not random. 

Testing conditions are not described. 

Connections between SAT scores and mathematical proficiency or ability 
are not clear. 


Conclusion 

History and national comparisons suggest that women’s participation in math¬ 
ematics is influenced by social and cultural practices. In the United States, 
most measures associated with mathematical proficiency show few gender 
differences, and some favor women (Hyde and Linn 2006; Linn and Kessel 
2002). Women’s participation in mathematics has increased—in the United 
States and worldwide. Yet, as Susan Chipman notes (Gallagher and Kaufmann 
2005, 18), the actual facts have little impact on stereotypes about women and 
mathematics. Heavy reliance on one measure and one finding help to explain 
how stereotypes are perpetuated about women, mathematics, and their in¬ 
teraction. This reliance may be, in part, due to a cultural propensity to focus 
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on gender differences—in the media and among scientists. (See also Cognitive 
Abilities; Discrimination; Physics/Astronomy; Women’s Education) 
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Rebecca Scheckler 


Computer science is an excellent example of a field with clearly defined roles 
and job paths that not only differentiate between female and male roles but 
whose gendered roles reflect a difference between empowered users and 
creators of digital technology and disempowered users and construction line 
builders of computers. This awareness of gendered roles did not occur ini¬ 
tially. First there was a belief that computer science was not gendered—in line 
with the belief that all technology was genderless and certainly gender blind. 


Computer Science Follows the Lead of Science and Gender Research 

Computer science has not been at the forefront of gender research. Rather, it 
has reflected research on gender in math and science. This essay presents a 
historical account of gender beliefs in computer science; how it is entwined 
with gender research in other science, math, engineering, and technology 
fields (SMET); and how computer science reflects gender beliefs in these 
other fields. Computer science has a recent history but one lengthy enough to 
demonstrate changes in conceptualization of gender and one that parallels 
gender myths and beliefs in other fields. 

The first, second, and third waves of feminism are described by Lorber (2005) 
as Gender Reform Feminisms, Gender Resistance Feminisms, and Gender Re¬ 
bellion Feminisms, respectively. In computer science, where these waves can 
be found but lag behind other fields, wave one (1990-2005) is interpreted as 
when the field recognized that women were absent and something needed 
to be done. Wave two represents the current phase of women either strug¬ 
gling to become more like men to fit into the already constructed male com¬ 
puter science departments or resisting these stereotypes and being left to feel 
like inadequate women. Finally, phase three represents the future of computer 
science when the field changes to encompass women and other previously 
excluded groups. 
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Another useful framework for computer science gender change through 
time was articulated by Sue Rosser (1997), who described six phases of gen¬ 
dered transformation in science to which I can also compare the progress of 
computer science. In Rosser’s phase theory there is a progression from (1) rec¬ 
ognizing the absence of women in science, to (2) recognizing that most sci¬ 
entists are male, to (3) identifying the barriers to “not men,” to (4) searching 
for women’s contributions to demonstrate the possibility of women doing sci¬ 
ence, to (5) science being done by women, to (6) finally, science changing to 
include women (Rosser 1997, 3-5). Computer science has progressed through 
the first two stages but is still trapped somewhere in stage three, with four, five, 
and six hoped for in the future. 

Research in science and technology studies (STS), such as work using actor 
network theory done by Bruno Latour (1987), demonstrated that social as¬ 
pects of life transact with the technical aspects of life leaving neither one un¬ 
changed. This threshold in the study of technology allowed an understanding 
that the development of technology was much more than a trajectory off on 
its own. The development of technology such as computers was driven by 
social forces and also drives social changes. For instance, the invention of 
word processors has changed the way we write; similarly, the creation of word 
processors is affected by our stated needs for technology. If computer science 
and other technological fields were socially constructed, they could be de¬ 
constructed and then reconstructed to include those who were previously ex¬ 
cluded by these fields. This insight had a huge effect on those who were 
currently excluded since they could now theorize places for themselves in 
science and technology. 

Unfortunately, Latour and other STS researchers did not recognize gender 
as an important component of the social context of science and technology. 
It was left to feminist scholars such as Judy Wajcman, Cynthia Cockburn, and 
Susan Ormond to bring an awareness of gender into the social construction 
of technology (Ormrod 1995; Wajcman 1991). An early gender myth in tech¬ 
nology and computer science, that technology was gender blind and gender 
neutral, was debunked by the gendered STS work (Wajcman 2004). This crit¬ 
ical research unfortunately remains ignored in much current computer science 
and gender research. 


Definitions 

Computer science has been driven by gender beliefs and gender myths but 
also contributes evidence to different conceptualizations of gender. Defini¬ 
tions of gender are fluid. This essay utilizes Bryson and de Castell’s discussion 
of gender as progressing generally from constructed as positivistic based on 
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sex, to a social construction, then to an ideological construction, and finally as 
an ongoing construction and reconstruction known as the postmodern con¬ 
ceptualization of gender (Bryson and de Castell 1997). Gender is defined as 
a social construction that is created at birth and partially reinforced by power 
hierarchies and the desire for some to dominate others. This definition allows 
gender to be redefined so that a male field such as computer science need 
not remain a male field. 

The following definition of computer science is particularly interesting since 
it comes from a U.S. government source, and because it functionally cuts off 
most women’s interactions with computers: 

“The systematic study of computing systems and computation. The body of 
knowledge resulting from this discipline contains theories for understanding 
computing systems and methods; design methodology, algorithms, and tools; 
methods for the testing of concepts; methods of analysis and verification; and 
knowledge representation and implementation” (http://www.nitrd.gov/pubs/ 
bluebooks/1995/section.5.html, accessed 3/4/07; Interagency Working Group 
on Information Technology Research and Development 1995). 

This definition excludes most women since it excludes the users of com¬ 
puters whether by office workers, teachers, help desk employees, or nurses 
and also excludes the construction line workers doing the dangerous and 
tedious jobs of building computers with dangerous materials and tiny com¬ 
ponents. This second grouping is composed of women and men who were 
mainly born outside the United States. It limits computer science to a very 
theoretical conceptualization of the field—indeed, the one maintained by the 
largely male academic departments that largely consider themselves gender 
neutral. While this definition supposes a gender neutrality, it really means that 
male has become normal and natural and therefore does not need to be men¬ 
tioned in terms of computer science. 


A Brief Chronology 

Before there was a field of computer science there were many women literally 
“computing” by hand and with slide rules and mechanical adding machines 
such essential war-related figures as the trajectory of rockets for World War 
II field commanders. When electronic computing machines replaced and en¬ 
hanced this hand computing, women continued their role as programmers 
and operators of these machines. This employment of women in the early 
field of computer science was further enhanced by the flow of men to the 
battlefields of the war. 

Once computer science became a formal discipline, first at Purdue University 
in 1962 and then increasingly at other technological and later liberal arts 
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schools, women were not absent—at least as students. The number of women 
in the computer science major gradually increased from about 10 percent 
undergraduates in 1967 to a high of about 37 percent in 1984 (Cohoon and 
Aspray 2006, x) and has since been declining to 28 percent or lower (Bae et 
al. 2000). It was in the late 1980s and onward when the number of women 
declined steadily that researchers began to notice the absence of women in 
the field. 

On a Web site describing the history of computer science, the only women 
mentioned are Ada Augusta Byron, Countess of Lovelace, who first concep¬ 
tualized programming, and Grace Murray Hopper, a navy officer who con¬ 
ceptualized the idea of computer compilers (Shallit 1995). There were 
certainly many other women involved in the early years of computer science 
but they were invisible to the author of this online history. The cover of Alis on 
Adam’s fine book, Artificial Knowing: Gender and the Thinking Machine, 
illustrates some of the early female workers (Adam 1998). 

This absence of women from the computer science major was first blamed 
on math phobias, lack of encouragement, inadequate preparation in middle 
and high school, and insufficient exposure to computers. Interventions were 
devised to include more girls in computer programs by just “including more 
girls.” The number of girls in advanced math classes increased, girls partici¬ 
pated in computer summer camps and weekend programs, and they used com¬ 
puters more at home—but they did not go into the field of computer science. 
At the same time, the Internet grew and flourished. Online communications 
brought many girls into contact with computers. Women used computer net¬ 
works for radical goals like marketing products, organizing social justice causes, 
supporting abused women and children, and linking up needy people with 
resources such as affordable prescription drugs and mental health profes¬ 
sionals. However, the number of women in computer science majors did not 
increase but continued to decline. 

The American Association of University Women report, Tech Savvy, 
came out in 2000 and described interviews with many girls who said “we 
can do it but we do not want to do it.” This suggested “that the culture of 
computing needs to catch up with the girls rather than the girls needing 
to catch up with computing” (American Association of University Women 
2000, ix). 

Gender stereotypes in computer science also seem to be part of a struggle 
to maintain disciplinary boundaries. Larger numbers of women were involved 
in computer science before the field was institutionalized as departments in 
universities. At that transition point, power hierarchies in computer science 
meant controlling departments rich in students and grants and the stakes be¬ 
came higher to be in power. As in other fields such as medicine, education, 
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Grace Hopper created the first compiler 
and invented the computer language 
that became the basis for COBOL. She 
also served in the navy, retiring with the 
rank of admiral in 1986. (U.S. Depart¬ 
ment of Defense) 


and law, men took power, created a male-centered environment, and made it 
uncomfortable or impossible for women to participate. 

What is peculiar to computer science is that through these historical and de¬ 
velopmental phases, stages, and reconceptualizations, the numbers of women 
have dropped, not increased as in most other disciplines after recognizing 
the nonparticipation of women. Why is this so? How does computer science 
differ from other predominantly androcentric disciplines, and why does it dif¬ 
fer? Why are gender myths so tenacious in computer science? 

Currently there is no good answer, but we do see some interesting devel¬ 
opments. Applied computer science majors are being introduced in many 
first-tier universities, second-tier universities, and community colleges. These 
majors range from business information technology, educational technology, 
bioinformatics, educational technology, nursing informatics, to applied com¬ 
puter science, Web design, and game design. These applied computer science 
majors have attracted more women than the more theoretical computer sci¬ 
ence or computer engineering majors although much less than 50 percent. 
Perhaps these majors will be the lever to wrest power from the computer sci¬ 
ence boy’s club. There is currently no indication that the graduates from these 
applied majors are doing worse in the job market than the more theoretical 
computer science majors and in some cases they seem more employable in 
our global computerized society. 
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A recent study at a historically Black university reports an equal number of 
women and men in the computer science major there. This finding strongly 
indicates that an appropriate educational context makes it comfortable for 
women to persist in the computer science major. 

The decline of women in computer science is mainly a North American 
and European phenomenon and does not affect many women born abroad 
whether educated in the United States or in their countries of birth. Women 
in developing countries in Africa and Asia are participating in computer sci¬ 
ence in large and growing numbers 

The past research suggests that institutional factors such as school climate, 
pedagogy, degree of diversity, and support for women are more important 
than individual differences such as previous experiences with computers, math 
interest, or previous skill in programming in recruiting and retaining women 
in computer science departments. 


Conclusion 

Research on gender and computer science has been slowed by assumptions 
of gender myths. The first was that computers as tools and the field of com¬ 
puter science are not gendered. The second was that if they were gendered 
there needed to be changes in the individual to make her more “suitable” 
for the field. These myths persist even though much research has been done 
demonstrating the gendered nature of computers and computer science and 
the necessity for institutional changes rather than individual changes to en¬ 
gage women in the field. Sadly, these myths also live in other fields such as 
science, math, architecture, law, medicine, and education, although computer 
science seems to be one of or even the most resistantly gendered field. (See 
also Discrimination; Historians of Science and Technology Who Focus on 
Feminism; Technology) 
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Mary Wyer 


The field of biology has played a uniquely central role in research on women 
and gender in science because of extensive research at individual, social, and 
symbolic levels of analysis (Harding 1986). Historically, women were system¬ 
atically excluded from formal higher education in the biological sciences and 
medicine in Western culture. This exclusion was justified by an ideology that 
proclaimed men as intellectually and physiologically superior to women. As 
a result, knowledge about human biology has been biased by the notion that 
a male body is the normal human body. In recent years, social and political 
initiatives focusing on women’s health have begun to correct and advance 
biomedical knowledge to provide a more comprehensive understanding of 
human biology (Schiebinger 1999). Growing awareness about social biases 
in scientific research has prompted many researchers to discard simplistic the¬ 
ories about the relationship between biology and intellectual ability. More 
complex theories about human physiology and behavior now posit dynamic 
interactions between biological, psychological, and cultural influences to ex¬ 
plain individuals’ abilities, interests, and performance in social and historical 
contexts. Though this has helped to decrease gender biases in women’s pro¬ 
fessional opportunities and in knowledge about women’s biology, it has also 
opened up a new set of questions about objectivity and taken-for-granted 
“facts.” Feminist theories have advanced the idea that social biases are deeply 
rooted in and sustained by the organization and frameworks of the ideas, per¬ 
spectives, and facts that are accepted as legitimate (Harding 1986). Thus, the 
process of developing and reconstructing knowledge about human biology 
that is informed by critiques of gender bias has just begun. 


Increasing Numbers of Women in Biology 

At the individual level of analysis, it is clear that women have the interest, 
ability, and talent to pursue training in the biological sciences. Biology as a 
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field has seen dramatic increases in the representation and participation of 
women. In the 1960s, only one in 10 doctoral degrees in the biological sci¬ 
ences were awarded to women. Forty years later, women are receiving nearly 
half of the doctoral degrees in the biological sciences. By 2004, at the under¬ 
graduate level, women received six out every 10 bachelor’s degrees in the 
biological sciences (NSF 2006). In the interim, and facing a national shortage 
of scientists, the U.S. Congress had passed the Equal Opportunities in Science 
and Technology Act (1980) to direct the National Science Foundation to de¬ 
velop programs to ensure that girls and women had equal opportunities in 
education, training, and employment in the sciences. Educational researchers 
identified a wide variety of individual-level factors at play in discouraging 
girls and women from excelling in science. Particularly influential in diverting 
girls from their science interests were primary and secondary educational ex¬ 
periences (Sadker and Sadker 1994). Political will and employment oppor¬ 
tunities thus converged with educational concerns to cultivate increasing 
numbers of women who choose biology as a career. Women now constitute 
over 40 percent of the workforce in the biological sciences. However, rep¬ 
resentation of women at the highest ranks has lagged. For instance, only 20 
percent of faculty in the biological sciences are women, and women’s achieve¬ 
ments are underrecognized among those who receive the most prestigious 
awards. 


Research on Women’s Biology 

At the level of social practices and processes, women in biology have been 
at the forefront of challenging the myth that women are incapable of becom¬ 
ing scientists. They have also played a key role in focusing attention on the 
need for unbiased research about women’s biology. The idea that the imper¬ 
atives of human evolution have defined women as caretakers and men as 
wage-earners was promoted in 19th-century European patriarchal beliefs 
about sex differences. The inequality of women in social, political, and eco¬ 
nomic life was said to be a product of natural, universal, and immutable sex 
differences. These ideas emerged in the context of evolutionary theory and 
social Darwinism, in particular in the work of sociologist Herbert Spencer. 
The roots of research on human sex differences are notorious for providing 
historical evidence of biases in the underlying assumptions of scientific re¬ 
search, including in particular the history of research about dimorphic “sex 
hormones” (Fausto-Sterling 2000). Contemporary studies of the relationship 
between biology and intellectual ability reveal that measured cognitive and 
performance differences between women and men are very small and often 
nonexistent. 
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However, the biology of female bodies is understudied, since women 
have long been excluded from medical research. With the rise of the modem 
women’s movement in the 1970s and 1980s came increased concern about 
the quality, content, and priorities of medical research about women. National 
efforts such as the Boston Women’s Health Book Collective and the Black 
Women’s Health Movement, and local initiatives such as the Mound Bayou 
Community Health Clinic organized and educated the public to challenge 
medical research and training that ignored, devalued, or marginalized women. 
For instance, the 1958 Baltimore Study of Aging, a grounding study of human 
aging, included no women even though two thirds of those over 65 years old 
are women (Schiebinger 1999). Heart disease is the leading cause of death 
in women, and yet many of the foundational national studies of heart disease 
included no women. Examples such as these prompted advocates for women’s 
health to lobby the federal government to require that women be included in 
medical testing and research. The absence of women, and women’s bodies, 
from research populations impoverished the data, interpretations of the data, 
applications of research findings, and delivery of care to women as consumers 
of medicine. 


Gender Bias in Language and Symbols 

Some have argued that biological knowledge also embeds gender bias at the 
symbolic level (Keller 1992). The exclusion and marginalization of women as 
biologists and the exclusion and marginalization of women’s biology from 
scientific knowledge are evidence that the culture of science is influenced by 
the larger society. Social theorists have argued that because all scientific knowl¬ 
edge is constructed through human action and activity, biological knowledge 
by extension is not so much “fact” as “contested territory” (Haraway 1991). 
This means that social values, conflicts, and priorities are represented by the 
language, topics, methods, and interpretations offered through scientific in¬ 
quiry. Nature, in this perspective, is not transparently revealed to scientists 
through the use of the scientific method. Rather, scientists formulate theories 
in historical and social context, utilizing language that necessarily taps a widely 
shared repertoire of meanings and metaphors. What is known about nature in 
general, and biology in particular, reveals as much about the knowledge mak¬ 
ers as about the natural world. For instance, descriptions of the relationship 
between the egg and the sperm have drawn upon conventional stereotypes 
about how women and men relate to one another (Martin 1991). Narratives 
of heterosexual courtship and marriage have influenced terminology in a wide 
variety of biological sciences, including cell biology, genetics, botany, and bac¬ 
teriology (Schiebinger 1999). This influence goes beyond merely borrowing 
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terms because it informs what questions can and cannot be asked, and which 
answers are considered legitimate to offer. For instance, some have described 
the preeminence of genetics in biology as an example of technical machismo 
that reflects competitive and capitalist, rather than cooperative and caring, 
applications of scientific expertise (Shiva 1995). Others have argued that a fo¬ 
cus on the dynamics of competition in the natural world distorts scientific 
knowledge itself, promoting a willful blindness to the complexities and inter¬ 
actions that define natural phenomena (Subramaniam 2001). 


Conclusion 

The topic of biology in relation to women and gender is complex. Contem¬ 
porary fields within human biology cover a wide variety of topics (muscles, 
nerves, blood, brains, bones, reproduction, sexuality, sex similarities and dif¬ 
ferences, to name a few). The people who have created that knowledge, the 
process of creating that knowledge, and the knowledge itself all spring from 
human activity in social and historical contexts. In Western history, biased re¬ 
search about the capabilities and interests of women have shaped, and been 
shaped by, many of our social, economic, political, educational, and scientific 
practices and priorities. Because the study of biology has been influenced by 
these biases, using a perspective that includes women and gender promises 
to have a positive impact on human health and well-being. (See also Feminist 
Science Studies; Gender/Sex—Flow Conjoined; Nature/Nurture; Women’s 
Flealth Movement; Nobel Laureates; Biologists Who Study Gender/ 
Feminism) 
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Janine P. 


Buckner and Susan A. Nolan 


The role of women in psychology, as in most fields, has changed greatly over 
its history. In the early years, psychology was focused on men, with respect 
both to those who practiced and studied within the field and the topic of 
study. In line with this, many early findings were biased against women. For 
example, when the intellect was thought to reside in the frontal lobes, women 
were “found” to have smaller frontal lobes than men, and when that theory 
was revised to place the intellect in the parietal lobes, women were then 
“found” to have larger frontal lobes and smaller parietal lobes than men (e.g., 
Matlin 2004). 

The participation of women within the field has steadily increased. In the 
early 1900s, a female researcher, Helen Thompson Woolley, was among the 
first working to diminish bias against women. She reported that women and 
men had similar levels of intelligence and that, in fact, women outscored men 
in some intellectual arenas (Matlin 2004). 

Since Woolley’s pioneering research, there have been several movements 
within the field that have spearheaded overall change. Among these were 
organizations dedicated to forwarding women in the field and encouraging 
research on women. Most prominent among these is the Society for the Psy¬ 
chology of Women, Division 35 of the American Psychological Association 
(APA). 


APA: Division 35 

The APA has a number of divisions dedicated to specific areas within the 
field of psychology. Division 35 is the Society for the Psychology of Women. 
Founded in 1973, Division 35’s goal is “to promote feminist scholarship and 
practice, and to advocate action toward public policies that advance equality 
and social justice.” Among the division’s activities is the maintenance of a her¬ 
itage Web site dedicated to preserving and disseminating information about the 
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history of women in the field of psychology (http://www.psych.yorku.ca/ 
femhop/). 

Division 35, however, was pre-dated by the Association for Women in Psy¬ 
chology (AWP), an organization founded in 1969 at one of the annual meet¬ 
ings of the APA. Activist members of AWP protested at an APA board meeting, 
expressing concern that there was no official APA organization dedicated to 
women. Their protests and actions led to the creation of Division 35. Since 
this establishment, Division 35 and AWP continue to work together to advance 
the goals of female psychologists and to promote gender-fair research within 
psychology. Both organizations have recruited many women and men to 
assist with these goals. In fact, APA’s Division 35 is one of the largest subdi¬ 
visions within the overall structure of the organization. 


Melanie Klein 

Division 35’s heritage Web site provides information on female psychologists 
who have made lasting contributions to the field. A number of these are 
women who studied and practiced in the field of psychoanalysis and have 
been pioneers in raising consciousness about women’s issues. Psychoanalysis, 
although now subject to a great deal of criticism due to its perceived lack of 
empiricism, was an important early arena within psychology, one that paved 
the way for much of the work that succeeded it. Several female psycho¬ 
analysts, including Anna Freud, Nancy Chodorow, and Karen Horney, are well 
known, and yet a greater contribution was made by a little known female 
psychoanalyst, Melanie Klein. 

Melanie Klein was the founder of object-relations theory, a branch of psy¬ 
choanalysis in which the relationship between a mother and child is viewed 
as central to a child’s development (Donaldson 2002). In addition, Klein was 
the first to use psychoanalysis with children and to develop a theory of psy¬ 
choanalysis for use with children. The approach, which she derived from her 
theories, has been incorporated into what is now often referred to as play 
therapy. Much of this work was included in her book, The Psychoanalysis of 
Children, published in 1932. In addition to her influence on therapeutic tech¬ 
niques for children, many of the techniques of psychoanalysis for adults that 
came later were couched in the language of Klein’s theory. Moreover, Klein’s 
work influenced many prominent psychologists who followed her, including 
John Bowlby. In fact, her writing on depressive and anxiety-producing mech¬ 
anisms in childhood commanded the most respect and harshest criticisms from 
colleagues across the field, and across time. But even though there is dis¬ 
agreement about Klein’s theory, there is consensus that her ideas left their 
mark on developmental psychology (Donaldson 2002). 
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Klein’s influence was evident during her lifetime. Her theories were often 
referred to as Kleinianism, and debates of her time focused on whether Klein- 
ianism was different from or the same as Freudianism. Klein became quite 
prominent in European psychiatric circles through both her theories and writ¬ 
ing and her participation in the training of psychoanalysts (Donaldson 2002). 
Although psychoanalysis has gone out of favor among most research psy¬ 
chologists today, Melanie Klein’s early contributions were important for their 
groundbreaking nature and her willingness and courage to challenge the es¬ 
tablishment within psychology. She died from cancer in I960. 


Jean Baker Miller and the Stone Center 

The contributions of psychiatrist and psychoanalyst Jean Baker Miller to the 
advancement of women have been described as efforts to “de-pathologize” 
women’s behavior and shape a rational view of women (Woolf 2006). Her the¬ 
ory, called the relational-cultural approach (RCT), has become widely applied 
in psychotherapeutic practice and is also used to explain individuals’ everyday 
behaviors and relationships. A hallmark of this approach is the subscription 
to a developmental model that views all humans as having a central need to 
connect to others in intimate ways rather than striving toward independence 
and moving away from significant others throughout development. With re¬ 
spect to psychotherapy, Miller’s key to therapeutic change in individuals’ lives 
is to correct relational disconnections; thus, the approach of RCT includes ways 
of fostering emotionally invested roles for both the client and therapist in the 
course of their relationship, rather than centering the therapist in an authorita¬ 
tive role as impartial or objective. Miller’s model also focuses on the strengths 
of women’s relational styles and the buffering effects that connections to 
others may provide them. In this context, Miller’s work elaborates the devel¬ 
opmental models by fostering growth in relationships, and thus within the self. 

In 1986, Jean Baker Miller became director of the Elizabeth Stone Center for 
Developmental Services and Studies at Wellesley College, a major aim of which 
is to provide alternative treatments for individuals who would otherwise be 
hospitalized in psychiatric facilities. In 1995 the work of Miller fostered the 
foundation of the Jean Baker Miller Training Institute. The Institute, which is 
part of the Stone Center, trains professionals in the relational-cultural approach 
in psychotherapy and research. In effect, the aim of the Institute is to increase 
awareness regarding the myths of gender and to change the ways individuals 
make personal decisions as well as to influence the design and support of 
policies that are applied to society more generally. 

Researchers, community leaders, therapists, and business executives have 
benefited from their associations with the Institute. Research symposia, training 
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Psychiatrist Jean Baker Miller. (Courtesy 
Jean Baker Miller Training Institute) 



programs, and manuscripts based on the Institute’s work continue to shape 
the course of scholarship and practice. Such well-known scholars as Carole 
Gilligan, Jean Kilbourne, and Judith Herman have been closely associated with 
the work of the Institute. 

Miller’s contributions to the field of psychology also include the book To¬ 
ward a New Psychology of Women (Miller 1976), a groundbreaking text on 
developmentally emergent gender differences and cultural implications for 
these differences. Under the direction of Jean Baker Miller, both the Stone 
Center and the Institute have shaped the course of many women and the 
organizations that serve them. 


Women’s Ways of Knowing 

The inauguration of important organizations for women in psychology, such 
as Division 35, did much to advance the roles of women within psychology. 
These groups have overseen the promotion of more equitable gender-related 
research within psychology as well as the advancement of women more 
generally in society. Despite the import of this work, however, progress was 
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perceived to be slow (a continuing observation). As a response to this per¬ 
ception, four psychologists—Mary Field Belenky, Blythe McVicker Clinchy, 
Nancy Rule Goldberger, and Jill Mattuck Tarule—wrote a critically acclaimed 
book, Women’s Ways of Knowing. Its impetus was the need for a more com¬ 
prehensive explanation of the feeling expressed among women in the United 
States that they have not achieved equality and remain stifled in family, 
school, and work settings. Based on extensive interviews with 135 women, 
the authors posit a theory that elaborates a feminist perspective of “voice.” In 
modern cultures, women’s perceptions and perspectives are often “silenced” 
by more powerful (“masculinized”) views. From this vantage, “voice” repre¬ 
sents a form of power given or constructed within interpersonal contexts. In 
negotiating through relationships, women develop one of five ways of know¬ 
ing from which they perceive themselves and approach the world (Belenky 
et al. 1986). 

The five ways of knowing demonstrated by women range from healthy 
exploration and expression of self and one’s values or beliefs to a silent or 
muted and unexplored notion of self that leads to a lack of confidence and 
a deference toward authority. For instance, women whose cognitive style is 
characterized by “silence” do not actively explore or express their own per¬ 
spectives but instead follow prescribed stereotypes. With such a stifled un¬ 
derstanding of identity, they will not—and cannot—engage in productive 
behaviors that benefit themselves. A second cognitive style, received know¬ 
ing, portends that women attend to the voices of significant others in their 
lives and therefore will tend to conform to social stereotypes and expectations. 
In a different way of knowing (subjective knowing), the self is most actively 
involved in interpreting experiences; this style reflects a tendency to avoid 
others’ directions or perceptions and “listen” only to one’s own voice. In pro¬ 
cedural knowledge, women are invested in learning and applying objective 
procedures for obtaining and communicating knowledge. Still another way 
of knowing is constructed knowledge, where one balances and integrates in¬ 
trapersonal knowledge and styles of cognition with those that fit best with the 
information valued by the external world. This style is perhaps the most likely 
to predict successful management of personal goals within a broader set of 
community or workplace objectives. 

Drawing on these ways of knowing, therapists, mentors, and researchers 
can design interventions or practices that best support and encourage women 
to lead healthy, successful lives. They also may be used to describe why in¬ 
dividuals fail to thrive or grow in culturally valued arenas of life. 

This book and the theory it proffers have been widely read and lauded by 
the lay public and by psychology professionals. Women’s Ways of Knowing 
was awarded the Distinguished Publication Award by the AWP (in 1987). 
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Psychology of Women Now 

The field of psychology of women has progressed greatly since the days of 
Helen Thompson Woolley. As one measure of change, a researcher (Worell 
1996) identified 589 published works on gender and psychology in 1983, and 
about five times as many—2,782—just 10 years later in 1993- As Women’s 
Studies programs are renamed and repurposed as Gender Studies programs, 
so too are textbooks on the psychology of women renamed and revised as 
the psychology of gender, a shift both political and practical in purpose. 

In addition, researchers who focus on gender and psychology are realizing 
more and more that neither women nor men can be described solely by their 
gender, and that other characteristics such as race, sexual orientation, country 
of origin, and education are also important predictors of behavior. Moreover, 
researchers and practitioners have become increasingly aware that gender 
similarities far outweigh gender differences. In many cases, the focus on gen¬ 
der differences within psychological literature has led to the search for gender 
differences instead of similarities. Unfortunately, this preference to describe 
and discuss differences rather than similarities has led to much research on 
gender differences. It seems that Division 35 and its sister organizations still 
have a role to play in furthering efforts to expand the awareness of women’s 
and men’s issues. (See also Early 20th Century; Gender/Sex—How Conjoined) 
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Since ancient times, the theory and practice of medicine have been influenced 
by assumptions, generalizations, and myths about the differences between men 
and women. Across cultures and many centuries, folk medicine promoted 
superstitions about gender, such as a popular belief that the female body was 
connected to the lunar cycle. 


Antiquity 

In the fourth century BC, followers of Hippocrates, the “father of medicine,” 
sought to separate medicine from magic and wrote numerous books analyz¬ 
ing female anatomy, women’s illnesses, and childbirth. Hippocratics argued 
that in their natural balance of the body’s four essential humors (blood, 
phlegm, yellow bile, and black bile), women were “colder” and “wetter” than 
men and therefore more emotional and more sexual. Women’s looser-textured 
flesh supposedly retained more moisture, and the Hippocratics warned that 
without regular menstruation to purge this surplus fluid, women could suffer 
mental distress, physical illness, or even death. Virgins at the onset of puberty 
were considered particularly vulnerable to mental disorders, stemming from 
menstrual irregularity before the womb had been “opened” via sexual relations, 
and some observers prescribed marriage as the “cure.” Without a woman’s 
regular menstruation or intercourse, humoral imbalances could dislocate the 
uterus from its proper place, and this “wandering womb” would cause head¬ 
aches, pain, or other symptoms as it moved around the body. Physicians rec¬ 
ommended enticing the womb back to its proper place with sweet scents, 
believing that the womb, like an animal, reacted to smells. This belief in the 
uterus as a primary source of women’s illnesses and strange weaknesses con¬ 
tinued for centuries and led to the concept of “hysteria” (the word derived from 
the Greek for “uterus”) (Tuana 1993). 
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Writing about natural philosophy, Aristotle started from the premise that men 
were more biologically advanced than women, who had less “vital heat” and 
were therefore weaker physically, mentally, and emotionally. Aristotle asserted 
that in almost all species, females were smaller, less courageous, and more 
deceptive. Aristotle defined a fundamental dichotomy between males as active 
and rational, and females as passive and emotional. He portrayed the male 
as the true and superior form of nature, the female as a departure from that 
ideal. Such biological characterizations accorded well with patriarchal Greek 
life, which excluded women from citizenship, and Greek mythology that por¬ 
trayed women’s existence as punishment for men. Building on such arguments, 
the influential physician Galen maintained that male and female genitals were 
structurally identical, but women’s lack of vital heat prevented theirs from 
emerging from the body, the final step in development. The assumption that 
women had less vital heat than men shaped theories about reproduction. 
Aristotle argued that women contributed only raw material to make new life, 
while men created the higher spirit by passing on soul and intellect. 

Europeans followed the writings, prescriptions, and assumptions of Aristotle, 
Hippocrates, and Galen as unchallenged expertise through the medieval era, 
when Christian doctrine reinforced biological ideas of women’s weakness 
and inferiority. Church leaders insisted on clerical celibacy and monastic 
seclusion, denouncing women as the devil’s temptation. Some theologians 
maintained that childbirth pains represented God’s ongoing punishment for 
Eve’s responsibility in the fall of man. Theologians’ assessment of women as 
weak and wicked corresponded with both medicine and superstition. Biblical 
rules for women’s ritual cleansing linked menstruation to contamination, 
while physicians warned that intercourse during menstruation would result 
in a malformed child. Menstrual blood itself was considered either dangerous 
or magical, and popular rumor held that a menstruating woman could cause 
cows to stop giving milk. 

Thomas Aquinas (1225-1274) accepted Aristotle’s assumption about women 
having less vital heat and lent the Church’s weight to reinforce generalizations 
about women as biologically inferior to men. Church authorities fed the 
witchcraft scare of the 1500s and 1600s that spread across Europe and Amer¬ 
ica, suggesting that women’s inherent mental and emotional weakness made 
them especially susceptible to Satan’s lures. 

Through the Middle Ages, medical students were taught by rote recitation 
of Galen or Hippocratic work, and social, religious, and legal regulations gen¬ 
erally prohibited human dissection. Physicians thus clung to inaccurate anatom¬ 
ical ideas; some textbooks showed a uterus divided into seven chambers or 
treated the uterus as an independent creature that could be irritated or calmed. 
Respected writers repeated tales of women who gave birth to 20 children in 
just two pregnancies. 
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Renaissance 

Renaissance medical advances offered a new approach to anatomy. Leonardo 
da Vinci (1452-1519) produced voluminous sketches of muscles, organs, 
and other bodily components out of interest and a desire to make his artistic 
depictions more accurate and graceful. But while his notes and drawings 
revealed greater understanding of anatomy than any before, Leonardo’s jour¬ 
nals and studies were not published or made widely accessible for many 
decades. Before then, Andreas Vesalius (1514-1564) avidly undertook dis¬ 
sections (at great risk, due to religious scruples and civil prohibitions against 
violating bodily integrity). In The Structure of the Human Body (1543), Vesal¬ 
ius opened a new era for studying the human body and corrected some, 
though not all, errors in older notions about the structure of the female re¬ 
productive system. 


18th Century 

By the 18th century, scientific biology had encouraged reevaluation of ideas 
about female nature. Rather than regarding women’s anatomy as an incom¬ 
plete distortion of man’s, experts instead portrayed women’s reproductive 
system as unique. The uterus represented the perfect tool for pregnancy, let¬ 
ting women fulfill their main function in life, while men’s greater physical and 
intellectual strength matched the demands of their public and military leader¬ 
ship. Anatomical illustrations often exaggerated sex differences, highlighting 
women’s larger pelvis, and anatomists deliberately selected models who rep¬ 
resented the ideal masculine or feminine build, thereby both reflecting and 
reinforcing cultural values (Schiebinger 1989). 

Behind the supposedly objective science, assumptions about women’s 
inferiority persisted, as shown in 19th-century studies of the brain. Observers 
realized that while overall men had larger brains than women, women’s 
skulls were proportionately larger to their bodies. Craniologists suggested 
that women’s large skulls actually proved their biological immaturity, placing 
them on an anatomical parallel with children, who have relatively large heads 
and delicate bone structure (Russett 1989). 

Despite tangible advances in the practice of European and American med¬ 
icine, 19th-century medical theories and treatments revealed the persistence 
of gendered assumptions (Haller and Haller 1974). Just as Greek physicians 
blamed the “wandering womb” for many female illnesses, Victorian physicians 
believed that the uterus was directly connected to the nervous system and 
thus could cause disease throughout a woman’s body. Like the Greeks, they 
emphasized the dangers posed to young women by the onset of menstruation. 
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Even as 19th-century observers measured women’s nature and life options in 
terms of reproductive capacity, they characterized the female reproductive 
system as inherently pathological, causing all sorts of physical, mental, and 
emotional complications. Reflecting what historians have called the ideology 
of “separate spheres,” authorities defined men’s role as public life, politics, 
and business, and women’s role (at least among the middle and upper classes) 
as children and household. Novels and advice books promoted this “cult of 
domesticity,” characterizing the true woman as submissive, pure, and self- 
sacrificing. Among some upper-class women, romanticized invalidism even 
became stylish, and corsets made it hard to eat, sit, or even breathe normally. 
Women expected to collapse during every menstrual period, and experts 
cautioned women against dancing, riding, or shopping at “that time of the 
month.” “Hysteria” represented an ultra-emotional extreme of delicate woman¬ 
hood. Historians have suggested that for some women, hysteria became a 
means of claiming attention, fighting social control, or escaping family de¬ 
mands. The “rest cure” for mental breakdown confined patients to a dim room 
without visitors, a lack of stimulus meant to sink the brain into inactivity. 


Impact on Education 

Even as medical thought seemingly justified assumptions that women’s bio¬ 
logical cycle, from menstruation to menopause, kept them fragile and unfit 
for social roles beyond the home, women after the mid-1800s pursued wider 
concerns and interests. In the United States, coeducational state land-grant 
colleges offered women increasing opportunity to pursue advanced degrees, 
as did private women’s colleges. By 1891, over 10,000 women were enrolled 
in higher education, yet observers worried that education made women too 
mannish. Prominent doctors, including Harvard professor Edward Clarke, 
warned that higher education posed substantial medical risk for young women. 
Physicians argued that the human body, like an economic system, contained 
only finite resources and that women who devoted too much energy to the 
brain would drain away sustenance for vital reproductive organs. Clarke cau¬ 
tioned that especially during menstruation, women who studied as hard as 
men risked nervous collapse, physical breakdown, or future infertility. Many 
experts worried about indications that female graduates had lower marriage 
rates and fewer children than the noncollege female population. Officials at 
women’s colleges defended the appropriateness of female education, pro¬ 
moting exercise and healthy habits among their students and collecting data 
to prove female graduates’ good health. 

Further controversy arose as women sought to enter the modern medical 
profession. Historically, women across cultures had long served as family 
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healers and midwives, skilled with herbal cures and folk medicine. But with 
increasing professionalization, especially in urban areas, doctors strove to 
exert gatekeeping authority and tighten requirements for the right to practice. 
Many passionately opposed giving women access to medical education, sug¬ 
gesting that no decent woman should want to learn about topics such as 
venereal disease and that women lacked the stamina to handle long hours. 
Revealingly, few cited physical stress as reason to oppose having female nurses, 
who were not perceived as threats to male doctors, at least as long as they 
remained in a subordinate station. Elizabeth Blackwell became the first woman 
to earn an American medical degree in 1849, after she was admitted to med¬ 
ical school as a fluke. Because almost all 19th-century medical schools con¬ 
tinued to reject female students, supporters opened medical schools just for 
women. Meeting varying degrees of criticism and opposition, women doctors 
gradually established themselves as part of the profession and contributed 
substantially; Alice Hamilton pioneered the field of industrial medicine, earn¬ 
ing a position at Harvard Medical School (Morantz-Sanchez 1985). 


20th Century 

But while the 20th century brought numerous changes in women’s political, 
economic, legal, and social conditions, gendered assumptions about women’s 
nature continued to affect medical thinking. Especially after World War II, 
with suburbanization and the baby boom, social scientists reasserted the cen¬ 
trality of traditional gender roles. Freudian psychology, postwar corporate 
advertising, and American popular culture glorified marriage and presented 
domesticity as women’s natural calling. Experts warned that ambitious girls 
who rejected womanly instincts and competed with men for paid employment 
risked unhappiness, spinsterhood, frigidity, infertility, or homosexuality. 

By the 1960s and 1970s, feminism turned many medical matters into po¬ 
litical issues, fighting old stereotypes and encouraging new questions about 
the biology of gender. The feminist health movement organized to help women 
better understand their own bodies and gain the courage to demand non¬ 
paternalist, nonjudgmental, and satisfactory medical treatment. Activists pro¬ 
tested that the male-dominated medical establishment devalued women, with 
gynecological textbooks that promoted sexist stereotyping and encouraged 
doctors to patronize female patients. They denounced a lack of respect for 
women’s physical autonomy that led doctors to perform unnecessary hys¬ 
terectomies and turned childbirth into hypermedicalized, assembly line torture. 

Greater female representation gradually created noticeable changes in the 
look and outlook of the medical system, at least in some aspects. In 2006, 
women outnumbered men in medical school applications (though male 
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admissions remained a bare majority). However, women entering macho 
specialties such as surgery still complained about discrimination and harass¬ 
ment from the “boys’ club” (Rosser 1993). 

Recent research seeks to address unsolved questions about biological sex 
differences. For such reasons, it is essential to continue thinking about the 
history and persistence of gender assumptions in medicine. {See also Antiq¬ 
uity; Women’s Education; The 18th Century; Medieval Era; The 19th Century; 
Renaissance; Women’s Health Movement) 
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Gendered questions about technology depend on that word’s definition. 
“Technology” often signifies machinery, images of race cars, robots, or mili¬ 
tary weapons that play to a macho love of power and speed. But once we 
broaden the concept of technology to include baby bottles, contraceptive 
devices, sewing patterns, and cell phones, gender connotations change. Fur¬ 
thermore, historians define technology not just as hardware but, equally im¬ 
portant, as knowledge about making or doing things. This understanding 
opens discussion about technology to include skills such as cooking, weav¬ 
ing, and nursing (Lerman, Oldenziel, and Mohun 2003). 

Technological assumptions often follow a dichotomy that men build ma¬ 
chines while women use them, gendering engineering (active) as male and 
consumerism (passive) as female. But in reality, women maintain complex 
relationships to technology, not just as consumers but also as inventors, pro¬ 
ducers, and workers (Horowitz and Mohun 1998). 

Technology itself carries gendered meanings, both deliberate and unin¬ 
tended (Wosk 2001). If asked to assign gender to inanimate objects, most 
Americans will color a typewriter pink and a jet engine blue. But the relation¬ 
ship is not static; women have actively chosen to accept, reject, or reshape 
technologies to fit their needs and desires. 


Automobiles 

“Women’s technology” is seen as less valuable, as illustrated in the early 1900s, 
when buyers could choose between electric, steam, and gasoline-powered au¬ 
tomobiles. Experts presumed women were too high-strung to handle noisy, 
dirty gasoline cars and too weak to manage the difficult, exhausting ignition 
cranking. Manufacturers of electric cars marketed their easy push-button start 
as naturally suited to female drivers. Heavy batteries limited electrics’ range 
to 50 miles, but women who roamed too far were controversial anyway; when 
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Theodore Roosevelt’s daughter’s long solo drives drew criticism, the presi¬ 
dent allegedly commented that he could run the country or control Alice, not 
both. Even Henry Ford bought an electric car for his wife to make calls around 
town. But once quiet, clean, electric cars became associated with female 
drivers, men scorned them for sportier gasoline models (Scharff 1991). 

While assuming men to be natural drivers, skeptics disparaged women as 
easily distracted, nervous, and unable to react rapidly in emergencies. Early 
racer Joan Cuneo suggested that cautiousness and responsibility actually made 
women better drivers. But when a female driver had an accident, critics held 
her mistakes against her entire sex. 

Ironically, female drivers’ presumed inferiority opened one opportunity. To 
convince potential customers that automobiles weren’t just fads, promoters 
staged long-distance trips to demonstrate their machines’ practicality. In 1909, 
manufacturers sponsored Alice Ramsey’s cross-country 41-day drive across 
primitive roads. The publicity stunt signaled to men, “What are you worried 
about? Even a woman can handle this!” 

Despite criticism, hundreds of women soon adopted automobiles. Suffra¬ 
gists made driving tours to promote women’s voting rights; cars drew atten¬ 
tion, covered ground rapidly, and made an important statement. In breaking 
from old notions of ideal womanhood, the suffragists’ comfort with tech¬ 
nology fostered an alternate vision of gender roles, the independent “New 
Woman.” During World War I, dozens of British, French, and American 
women (including Gertrude Stein and Alice B. Toklas) volunteered to trans¬ 
port wounded soldiers, bring supplies to battlefield hospitals, and evacuate 
refugees. Ambulance driving took women into areas under fire and across 
destroyed roads where women had to repair breakdowns themselves. 


Aviation 

In aviation, many flying instructors initially refused to teach women, calling 
them emotionally unreliable and incapable of mastering mechanical details. 
America’s first licensed female pilot, Harriet Quimby, flew the English Chan¬ 
nel in 1912, and subsequently, female pilots beat male competitors in high- 
profile air races. The 1929 Women’s Air Derby required female aviators to carry 
male navigators, outraging Amelia Earhart. Earhart promoted her flying records 
(including the first Atlantic Ocean solo since Charles Lindbergh) as proving 
women’s ability to succeed in all areas of life. In the 1930s, at least 700 women 
held American pilot’s licenses, but “ladybirds” and “sweethearts of the air” 
were expected to look pretty even following exhausting flights. Photographs 
of Earhart in both flying helmet and pearl necklace underlined expectations of 
femininity. 
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Elizabeth L. Gardner, a WASP (Women’s 
Airforce Service Pilot), of Rockford, Illi¬ 
nois, prepares for takeoff. The WASPs 
flew noncombat missions during World 
War II. (National Archives) 


Airplane manufacturers hired female pilots as public representatives, as their 
demonstrations made aviation look glamorous and easy enough for a woman. 
But airlines refused to hire women as commercial pilots, figuring that 1920s 
passengers already felt nervous about flying without the additional worry of 
having a female pilot. In 1934, Helen Richey beat seven men in tests for air 
mail employment, but male pilots forced her to resign by pressuring the Com¬ 
merce Department into forbidding Richey from flying in bad weather (and 
possibly grounding her during menstruation). While airlines excluded female 
pilots until the 1970s, they welcomed all-American girls as stewardesses to 
pamper passengers. 

Just as World War I made female drivers valuable, so the manpower short¬ 
age of World War II temporarily opened flying opportunity to women. Women’s 
Airforce Service Pilots (WASPs) delivered military planes, tested planes after 
repairs, and towed gunnery targets for artillery crew training (with live am¬ 
munition). But the government refused to grant WASPs official status, and 
the program was canceled once the military found male pilots to replace the 
women. Russia’s female pilots actually flew in combat, conducting night bomb¬ 
ing raids on German positions and airlifting supplies to stranded troops. 

WASP performance indicated that women had high endurance for isolation, 
pain, and temperature extremes, supporting the National Aeronautics and 
Space Administration’s (NASA) I960 move to consider female pilots as astro¬ 
nauts. Despite women’s excellence in physical and psychological testing, the 
program was abruptly canceled after critics (including John Glenn) warned 
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that the sideshow of training female astronauts might cost the United States 
the space race. Women didn’t fit the “right stuff” test-pilot model, and the 
government feared the political ramifications if female astronauts got killed. 
NASA did not name female astronauts until 1978, under pressure to offer 
equal opportunity to women. 


Bicycles 

While female aviators offered curiosity value, women’s more common rela¬ 
tionship to technology, as consumers, also threatened to disrupt “separate 
spheres” ideology. Although women (and many men) hesitated to tackle tricky 
high-wheeled bicycles, the safety bicycle developed in the 1890s appealed 
particularly to women. Appearance presented issues; for practicality, many 
female riders adopted divided skirts or knickers. Pointed humor caricatured 
female bicyclists as either revoltingly muscular or helplessly fragile. Experts 
encouraged female riders to acquire technical competence, learning to main¬ 
tain and fix their own machines. Medical experts warned about physical con¬ 
sequences of overexertion, while moralists worried about women cycling 
alone or worse, with men. Jokes about women riding off, leaving husbands 
with chores and child care, masked real concerns about women abandoning 
demure domesticity. 


Consumers and Home Economics 

Even as women were bicycling, entering college, and agitating to vote, early 
20th-century experts hoped new technologies could reinforce traditional roles. 
The discipline of home economics aimed to lure women back to their “nat¬ 
ural” domestic role by teaching them to become more scientific, more efficient, 
and thus happier homemakers. High school and college home ec instructors, 
women’s magazines, and extension workers emphasized the advantages of 
modern kitchen equipment, following corporations in promoting a vision 
where electrified homes meant big business. 

Some industries reshaped technologies to court female consumers. Early 
20th-century men and boys tinkered with homemade radios in garages, but 
when commercial broadcasting began in the 1920s, radio moved into living 
rooms. Manufacturers designed sets resembling elegant furniture, and networks 
created soap operas and cooking shows to attract female audiences. But other 
businesses overlooked or devalued the women’s market. Early telephone 
systems promoted business communication and condemned wasteful female 
chatting before belatedly recognizing the financial potential of leisure calling. 
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Homemakers were not passive recipients of technology. To make women 
technically informed purchasers, home economists taught students to inspect 
appliances down to the seams. Defying helpless housewife stereotypes, classes 
studied the construction of refrigerators by literally taking them apart. Nor 
did women automatically obey messages about technology reinforcing tradi¬ 
tional roles. Farm life experts praised rural electrification as enabling women 
to leave fieldwork to men and return to their “natural” domestic place. Yet 
farmwomen resisted this urban gender ideal and continued driving tractors 
and running milking machines, which felt more interesting and important 
than full-time homemaking. 

Machine Age toys both reflected and reinforced traditional roles. Model air¬ 
planes were intended to inspire the next Orville Wright, while Erector Sets 
taught civil engineering. Girls’ toys also scaled down new adult technology: 
their mothers’ kitchen appliances. Given this indoctrination, 25 percent of 
American boys in the 1920s planned to become engineers versus 3 percent 
of girls. 


Technologies in the Workforce 

Gendered assumptions also dictated how workplaces incorporated technology. 
Establishing his 1820s textile mills, Boston merchant Francis Cabot Lowell 
avoided Britain’s horrors of child labor by recruiting New England farmers’ 
daughters eager to earn money before marriage. While men repaired machines 
and supervised, women tended looms for long hours under exhausting, un¬ 
healthy conditions. Female employees lived in company-run boardinghouses 
under paternalistic rules aimed at protecting femininity and maintaining order. 
But women proved less than compliant; when factories cut wages, female 
workers walked out on strike and owners turned to children and immigrants 
for cheap labor. 

Similarly, when boys initially hired as telephone operators proved rowdy 
and rude to callers, companies replaced them with girls socialized to be polite. 
The Bell System became America’s largest employer of women; generations 
of “telephone girls” soothed frustrated customers and provided personalized 
convenience (including prearranged wake-up calls). While advertisements 
idealized this feminine “Voice with a Smile,” the Bell System began installing 
automatic dialing in the 1930s, pushing operators into technological unem¬ 
ployment. 

Workplace machinery itself, particularly office equipment, became gendered. 
Most 1870s clerical workers were male, and men were first to use the new 
typewriters. But soon observers portrayed women as naturally superior typ¬ 
ists, with smaller hands and manual dexterity developed through sewing and 
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piano-playing. By 1930, women made up 95 percent of all typists, and adding 
machines also became associated with female operators. Critics warned that 
the rough, immoral business world might destroy femininity, and they com¬ 
plained about secretaries giggling, crying, and being incapacitated by monthly 
periods. But employers could hire women at half men’s salaries, and secre¬ 
taries presented a pleasant face in the office, offering bosses sympathetic (al¬ 
most wifely) support. 

Technology became devalued when assigned to women. Early 20th-century 
nurses assumed responsibility for using clinical thermometers and ensuring 
their accuracy. Though taught to recognize abnormal temperature variations, 
nurses were chided not to diagnose patients, which remained physicians’ 
specialty. As thermometers became symbols of nurses’ work, the prestige for¬ 
merly attached to that instrument disappeared. Doctors reserved stethoscopes 
for themselves, convinced that their use required special perceptual skills and 
training beyond nurses’ ability. 

Stereotypes questioned women’s ability to handle equipment bigger than 
typewriters, but wartime manpower shortages proved women able to operate 
nontraditional machines. World War I metal-working factories that hired 
women reported their productivity equaled or exceeded men’s; one munitions 
plant found women 50 percent more productive than men working drill presses 
and milling machines. Unions feared female labor would lower male status 
and wages; men refused to work alongside women, calling this inappropriate, 
and regulations subsequently barred women from heavy labor. World War 
II, however, brought millions of women into shipyards and airplane manu¬ 
facturing. Government praised “Rosie the Riveter” as essential to victory, and 
media images portrayed Rosie as strong (yet still feminine), willing to learn 
new skills, but always at a technical disadvantage. 


Engineering 

Assumptions linking men with technical mastery long kept women out of 
engineering (Oldenziel 1999)- Most pre-1900 engineers were trained in the 
military, the field, or the machine shop, routes closed to most women. Among 
the few exceptions, Lillian Gilbreth (1878-1972) conducted time-and-motion 
studies with her efficiency-expert husband while raising a huge family (im¬ 
mortalized in Cheaper by the Dozen). After Frank’s early death, Lillian had 
trouble, as a woman, securing engineering consulting jobs. After remarketing 
herself as a household efficiency specialist, she won employment, numerous 
honorary degrees, and the nickname “the First Lady of Engineering.” 

But leading American technical schools, including Georgia Tech and Cal¬ 
tech, refused to enroll women until after World War II. Male students, faculty, 
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and alumni ridiculed the notion of female engineers, drawing cartoons of 
women getting their hair tangled in equipment or using machinery to crack 
nuts. Women who insisted on entering engineering were oddities; by defini¬ 
tion, a female engineer was not a typical engineer and not a typical woman. 
This defiance of norms created social and sexual tensions, with cracks about 
women in engineering just looking for husbands. Administrators considered 
teaching women a waste of time, as they inevitably dropped careers to marry. 
Psychologists labeled female engineers abnormal, unhealthily competing with 
men and rejecting identification with their mothers. The Society of Women 
Engineers blamed such attitudes for scaring away girls and campaigned to 
show that female engineers were both professionally capable and whole¬ 
somely feminine. Yet many late 20th-century female engineers continued to 
encounter negative comments, sexual harassment, or job discrimination. 

The default “engineer” remained male; female engineers complained 
about office visitors mistaking them for secretaries. Similarly, the image of 
“inventor” remained male. Although women historically held few patents (in 
part due to expensive, time-consuming legalities), women created countless 
innovations over the centuries, in both household devices and more unex¬ 
pected directions. Women devised better butter chums and dishwashers, baby 
carriages, sewing machine accessories, surgical instruments, fire escapes, 
shoemaking and metalworking equipment, elevator improvements, railroad 
couplings, computer languages, even military technology (actress Hedy Lamarr 
helped develop a World War II anti-jamming torpedo system). California 
farmer Harriet Strong created a working model for water storage dams, but 
analysts later misclassified her patent as culinary equipment, undoubtedly 
reflecting assumptions about women’s narrow interests (Stanley 1993). 

The 21st century still equates high-tech with male despite the prevalence 
of computers and other technologies in women’s workplaces and private life. 
Men are considered and position themselves as computer experts, ready to 
tinker, and as “early adopters” in love with the latest gadgets. “Geek” or “hacker 
culture” remains intensely male. Boys in computer classes boast about how 
easy they find programming; when they imply that computing comes natu¬ 
rally to men, less-confident girls may switch majors. Video game makers have 
drawn criticism for depicting highly eroticized women and passive damsels in 
distress. Research suggests that degrading female representations, along with 
extreme violence, discourage some women from gaming. Attempts to design 
games appealing to girls often also play to stereotypes, as with “Barbie Fash¬ 
ion Designer.” 

In many ways, critics suggest, the technological world remains less than 
female friendly. Car airbags initially were engineered to protect bodies of typ¬ 
ical male height and weight, posing dangers to women, children, and smaller 
men. Yet women have proven ingenious in adapting technologies such as 
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the Internet to their own purposes, leaving much scope for discussion about 
gender and technology. (See also Computer Science; Early 20th Century) 
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Aspects of Human Biology 
and Behavior 

The Brain 

Patricia Miller and Sue V. Rosser 


Scientific research focused on differences between the brains of men and 
women can be traced back to antiquity. Although the specific focus of the re¬ 
search has varied from overall size to size of particular parts to functional dif¬ 
ferences, depending upon the era and technology available, the overarching 
thrust has been to demonstrate the relationship of brain size or function to 
intelligence and performance of tasks. Typically, in an attempt to justify a par¬ 
ticular social stance or agenda, the evidence demonstrated that the brains of 
women were inferior to those of men. 

Aristotle noted that the brains of women were smaller than the brains of 
men; he used this size difference to argue that women were less intelligent 
than men and therefore naturally inferior (Aristotle 1913, 809b). In the early 
19th century, this same basic argument of the smaller size of women’s brains 
was used by the phrenologists who claimed that mental functions could be 
assessed by measurement of the size and shape of the skull. Since women’s 
skulls were smaller, women were assumed to be less intelligent. 


Craniometry 

By the late 19th century, phrenology had morphed into craniometry, used ini¬ 
tially to provide a biological basis for slavery and colonization. Demonstrating 
that the European “races” had larger brains than the “races” they colonized 
meant that the inferior colonials could benefit from subjugation. The data col¬ 
lected through the science of craniometry also permitted the colonizers to 
better understand the colonials and how to govern them. 

Although race, not gender, served as the impetus, data on sex differences 
were also collected and typically reported in a way to show women’s inferi¬ 
ority. For example, when craniometrists discovered that women’s brains were 
relatively larger than men’s, proportional to their overall body size, this was 
used to describe women as infantile and childish (Vogt 1864). 


www.abc-clio.com 


149 

ABC-CLIO 


1 - 800 - 368-6868 


150 Women, Science, and Myth 


The leading craniometrist, de Broca, believed that women’s smaller brain 
size made them less intelligent than men. However, de Broca insisted that brain 
size was affected by intelligence, so that the sex differences may have resulted 
from women’s lack of use of their brains for intellectual purposes. Feminists 
of the late 19th century used this argument for the reason that women should 
have more access to education. During the late 19th century, the debate also 
centered on sex differences in size of particular parts of the brain (Sayers 
1982). Originally, the frontal lobes were discovered to be relatively larger in 
men while the parietal lobes were relatively larger in women. Later in the 
century, scientists reversed their findings to indicate that the parietal lobes 
were larger in men and the frontal lobes smaller. After this reversal, they also 
switched their decision about which part was the site of intelligence, claiming 
the parietal lobes as the site, rather than the frontal lobes (Patrick 1895, 212). 


Brain Organization 

By the middle of the 20th century, the focus of sex differences research had 
shifted to brain organization. Finding sex differences in the size of the corpus 
callosum that links the two halves of the brain, and correlating these with dif¬ 
ferences in language and visuospatial ability in so-called split-brain patients (in¬ 
dividuals who had had their corpus callosum severed), researchers 
attempted to explain sex differences in performance on verbal and mathemat¬ 
ical tests as well as occupational choice. Ironically, the same data were used 
by different researchers to argue that women’s brains were more lateralized, 
the Buffery-Gray Hypothesis, or less lateralized, the Levy Hypothesis. Be¬ 
cause hormones, either prenatally or at puberty, were thought to be the cause 
of the sex differences in brain organization, much as in the 19th century, the 
biological determinists argued that this biological difference explained 
women’s lower performance on visuospatial tests and absence in professions 
such as science, architecture, and engineering. 

Feminists, in contrast, have critiqued the studies on brain lateralization, hor¬ 
mones, and brain anatomy. They demonstrated flaws in experimental design, 
assumptions based on limited experimental data, and unwarranted extrapo¬ 
lation of data from rodents to humans as well as problems with conversion 
of hormones from estrogens to androgens within the body. They also empha¬ 
sized that genetic, hormonal, and structural effects of the brain on behavior 
cannot be separated from the effects of learning and socialization in the en¬ 
vironment on behavior, even before birth. For example, malnutrition both 
before and after birth in rats results in a decrease in the number and size of 
neurons in the brain. Human infants dying of malnutrition during the first year 
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of life also have smaller than normal brains with a reduced number and size 
of neurons (Bleier 1984). 

In the last half of the 20th century, attempts to tie brain organization and 
lateralization to male superiority ran into contradictions. “Left brain thinking” 
was supposed to involve reason and critical thinking (male) but it also re¬ 
flected verbal abilities (female). “Right brain thinking” was supposed to involve 
emotions and intuitions (female) but it also reflected creativity, imagination, 
and mathematical brilliance (male). Such simplistic depictions of brains are not 
useful because most cognitive tasks involve several parts of the brain; a given 
problem can be solved differently by individuals who draw on different kinds 
of cognitive skills. 


Hormonal Influences 

Research documenting similar gender differences in humans and other pri¬ 
mates also is taken to support biologically based brain differences in males 
and females. For example, young vervet monkeys show sex differences in 
toy preferences that parallel those of young children (Alexander and Hines 
2002). Still another influential line of research examines the effects of prenatal 
hormones by studying CAH (congenital adrenal hyperplasia). In this condition, 
fetuses are exposed to high levels of androgens due to an enzyme defect. Al¬ 
though females with CAH have ovaries and a uterus and are fertile, they also 
have masculinized external genitalia to various degrees. They display toy pref¬ 
erences, peer preferences, feelings, behaviors, cognitive abilities, and occu¬ 
pational interests more characteristic of boys than girls. Early studies, though 
flawed methodologically, were taken as evidence for hormone-influenced dif¬ 
ferences in the brain development of boys and girls. More recent studies, with 
improved methodology, report similar results and also fail to support the cri¬ 
tique that reactions of parents to their CAH girls, rather than brain differences, 
might be causing the effects. For example, observations of their parents show 
that they encourage them to play with girls’ toys (Pasterski et al. 2005). Still, 
parental influences can be subtle, so the nature-nurture issue in this research 
still is not resolved. 

Other hormonal studies also often support the influence of hormones on 
the brain. For example, circulating estrogens in adolescents and adults enhance 
verbal ability and memory, whereas increasing females’ levels of androgen 
improves spatial ability. Despite these links between hormone levels and 
performance on certain cognitive tasks, there is no evidence that this has any 
influence on performance in school during childhood and adolescence or on 
occupational success. Clearly, other factors such as motivation and experiences 
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that provide practice may be more promising lines of investigation for our 
understanding of individual differences in success in science, math, and 
engineering. 


f-MRI 

In the early 21st century, much of the research on sex differences in the brain 
focuses on brain imaging, particularly fMRIs (functional magnetic resonance 
imaging). By identifying areas of increased blood flow in the brain, cognitive 
neuroscientists can identify the site of mental activity during various sorts of 
thinking. That is, fMRIs produce a sort of map of brain activity. A number of 
studies have found gender differences in fMRIs; when thinking about the 
same problem, males and females show activity in different areas of the brain. 
For example, in a task assessing judgments of whether nonsense words 
rhymed, women used both the left and right inferior frontal gyrus whereas 
men used only the left, and there was little overlap between males and fe¬ 
males in these patterns (Shaywitz et al. 1995). Such brain differences typically 
are interpreted as being innate and often viewed as reflecting the superiority 
of male brain organization. Even young boys and girls show differences in 
brain activity, a finding that bolsters the biological perspective even further. 
Thus, MRIs encourage an essentialist and reductionist view of gender differ¬ 
ences by lumping together “female brains” separate from “male brains.” They 
also downplay the diversity within each sex due to differing experiences, op¬ 
portunities, and stresses of various races, ethnicities, sexual orientations, 
countries of origin, and social classes. Because of the availability of federal 
funding for biomedical research, including cognitive neuroscience, com¬ 
pared to less biological areas of psychology, this line of research is likely to 
remain quite active in the future. 

Claiming innateness in these studies ignores the fact that experiences and 
behavior cause changes in the brain as much as the brain causes behavior. 
We are born with numerous synapses (connections among brain cells), and as 
a result of experience certain ones are strengthened while less used pathways 
are pruned away. Thus, sex differences in the site of neural activity during a 
particular task could be explained by differences in childhood experiences 
such as boys’ and girls’ preferred play activities. Sex differences in what ex¬ 
periences are provided to boys and girls, permitted for them, or sought by 
them most likely contribute to gender differences in the brain. For example, 
when parents talk about emotions more with preschool daughters than pre¬ 
school sons, this emotion talk may stimulate neural pathways in the parts of 
the girls’ brains that do emotion work. In short, these gender brain differences 
are created; they do not simply unfold. 
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Magnetic resonance image (MRI) of a 
female brain. (iStockPhoto) 


Conclusion 

In the early 21st century the notion of “the male brain” persists. For example, 
the Extreme Male Brain theory of autism spectrum disorders (ASD) (Baron- 
Cohen and Hammer 1997) hypothesizes that children with ASD have brains 
that characterize males, especially in being at least average or superior in an¬ 
alyzing and constructing systems and impaired in the ability to identify and 
respond appropriately to another person’s mental state. This theory has been 
linked to male neuroanatomy and is consistent with the fact that the vast ma¬ 
jority of individuals with ASD are male. 

The persistent search for brain differences in males and females suggests 
that society considers such differences important. With each new technology, 
the bias toward the male brain being the standard is simply expressed in a 
different way. Focusing on brain differences essentializes males and females 
and enforces traditional gender roles. This bias also directs attention away 
from the large variance within gender on any characteristic and from in¬ 
equities in the environments of females and males such as lesser encourage¬ 
ment for girls to pursue scientific activities or mathematics when they show 
interest in them. Although prenatal differences in the hormones of males and 
females are likely to produce brain differences, we know little about the exact 
developmental pathways from hormone to brain to behavior (and vice 
versa). These differences are unclear especially in the context of a culture 
with different expectations regarding the behavior of males and females. (See 
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also Cognitive Abilities; Endocrinology and Hormones; Nature/Nurture; The 
19th Century; Race) 


References and Further Reading 

Alexander, G. M., and M. Hines. “Sex Differences in Response to Children’s Toys in 
Nonhuman Primates (Cercopithecus Aethiops Subaeus).” Evolution and Human 
Behavior 23 (2002): 467-479. 

Aristotle. “Physiognomonica.” The Works of Aristotle V. Edited by W. D. Ross. Oxford: 
Clarendon Press, 1913. 

Baron-Cohen, S., and J. Hammer. “Is Autism an Extreme Form of the ‘Male Brain?” 

Advances in Infancy Research 9 (1997): 193-217. 

Bleier, Ruth. Science and Gender: A Critique of Biology and Its Theories on Women. 
Elmsford, NY: Pergamon Press, 1984. 

Pasterski, V. L., M. E. Geffner, C. Brain, P. Hindmarsh, C. Brook, and M. Hine. “Pre¬ 
natal Hormones and Postnatal Socialization by Parents as Determinants of Male- 
Typical Toy Play in Girls with Congenital Adrenal Hyperplasia.” Child Development 
76 (2005): 264-278. 

Patrick, G. T. W. “The Psychology of Woman.” Popular Science Monthly Al (1895): 
209-225. 

Sayers, Janet. Biological Politics: Feminist and Anti-feminist Perspectives. London: 
Tavistock, 1982. 

Shaywitz, B. A., S. E. Shaywitz, K. R. Pugh, R. T. Constable, et al. “Sex Differences in 
the Functional Organization of the Brain for Language.” Nature 373 (1995): 607-609. 
Vogt, K. Lectures on Man. London: Longman, 1864. 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Cognitive Abilities 


Patricia Miller 


Larry Summers, president of Harvard University, asserted in 2005 that women 
inherently have poorer cognitive abilities related to science than do men. This 
event returned to center stage a topic that has a long history: are males in¬ 
herently more intelligent than females, particularly regarding valued abilities 
such as logic, mathematical and spatial reasoning, and scientific reasoning? 

Early on, claims of male mental superiority were based on the physical brain. 
Aristotle claimed that women’s smaller brains provided evidence of their lesser 
intelligence. Later, in the early 1800s, phrenologists made the same argument. 
In the late 1800s, the focus was on the size of particular parts of the brain. 
By the mid-1900s, neuropsychologists emphasized gender differences in brain 
organization, such as the degree to which one lobe was specialized toward 
particular cognitive abilities. In the early 21st century, research focuses on brain 
function, for example, gender differences in which part of the brain is most 
active when females or males perform a particular task. In each of these his¬ 
torical stances, whatever characterized males was considered evidence of an 
innate brain-based superiority. Moreover, the fact that research has focused on 
brains suggests that researchers have assumed gender differences in cognitive 
abilities to be caused by biological differences, not differences in experience. 

Research on behavior, such as performance on paper-and-pencil tests, fol¬ 
lowed a parallel history in that whatever characterized males was considered 
superior. Moreover, when tests (e.g., IQ tests or verbal SAT) showed female 
superiority, they were adjusted (e.g., certain items were dropped or their con¬ 
tent changed) to remove these differences (Caplan and Caplan 1994). Such 
adjustments typically were not considered necessary when male superiority 
emerged. More recently, researchers have focused on gender differences in 
specific cognitive abilities, particularly claims of males’ superiority in math and 
spatial abilities and females’ superiority on tests of verbal ability. 

The problem for females is that seemingly neutral findings of “difference” 
seem to lead quickly to claims of “better than.” The claim that men are “natu¬ 
rally” better at mathematical and spatial thinking has had a normative function: 
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it emphasized the differences between women and men, essentialized “fe¬ 
male” and “male,” and enforced the traditional gender roles. The myth also 
directed attention away from the large variance within gender on any char¬ 
acteristic, with many females being better than most males in abilities in which 
males as a group are better. Claims that men are better than women at math¬ 
ematical and spatial reasoning are not benign; they may reinforce barriers 
to scientific careers for women and erode the self-confidence of girls and 
women with interest in such a career. 

As further evidence of the influence of beliefs about gender on research, 
cognitive tasks on which girls excel tend to be interpreted negatively (see 
Caplan and Caplan 1994 for a review). For example, for years researchers 
concluded that women were more “dependent” than men. A reexamination 
of these data showed that this label actually referred to arguably positive cog¬ 
nitive abilities such as looking at other people’s faces and accurately interpret¬ 
ing emotion-related messages. In addition, even when females excel on a task 
with a positive label, this sometimes is turned into something negative, as when 
females’ strong verbal skills are interpreted as indicating they talk too much 
or indiscreetly. 

The following examination of contemporary research on cognitive abilities 
will address four questions: Are there differences between females and males? 
If so, do they matter for occupational success in scientific fields? What are the 
relative contributions of genetics and environment? What’s missing from the 
picture? 


Are There Differences? 

Maccoby and Jacklin’s (1974) influential review of more than 2,000 studies of 
gender differences across many psychological domains revealed most beliefs 
about gender differences to be false. They found substantial support for 
differences in only four areas, three of which were cognitive—verbal ability, 
visual-spatial ability, mathematical ability, and aggression. Despite this strong 
evidence of widespread similarities, however, the cultural belief in pervasive 
gender differences prevailed. As Hyde (2005) pointed out, “secondary reports 
of their findings in textbooks and other sources, however, focused almost ex¬ 
clusively on their conclusions about gender differences” (581). 

Contemporary research, drawing on new statistical techniques, reports few 
gender differences in cognitive abilities. In 2005, a review of 46 meta-analyses 
(analyses in which the data from numerous studies are pooled) shows that 
males and females are similar on most psychological variables (Hyde 2005). 
Of 39 meta-analytic studies of cognitive abilities, 36 percent found close-to-zero 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Cognitive Abilities 157 


effect sizes and 46 percent found small effects. Only 13 percent found even 
moderate effects, 5 percent found large effects, and none found very large ef¬ 
fects. These results are particularly compelling because the meta-analyses were 
biased toward finding differences: they examined abilities believed to show 
gender differences. Still, meta-analytic studies do identify some notable group 
mean differences. The two meta-analyses reporting large effect sizes found 
male superiority in mechanical reasoning during adolescence and mental ro¬ 
tation (imagining a viewed three-dimensional figure rotated) at various ages. 

Contemporary work on general as opposed to specific cognitive abilities 
shows no evidence that females are less intelligent overall than males. How¬ 
ever, IQ tests are constructed so that there would be no gender differences 
in overall intelligence. In addition, gender differences on SAT tests are diffi¬ 
cult to interpret because of biases in who decides to take them. Thus, these 
data are not informative. 

Critiques of research identify reasons to question any obtained gender dif¬ 
ferences. First, the content of the assessment task—for example, business or 
art—affects the results. Second, differences can disappear or even reverse if 
the context of assessment changes. For example, girls obtain higher scores 
on the math GRE test when they take it with other girls rather than boys 
(Inzlicht and Ben-Zeev 2000). Their verbal scores are not affected in this way, 
and boys’ scores are not affected by this manipulation on either the math or 
verbal tests. In another study (Spencer, Steele, and Quinn 1999), male and 
female college students with equal math backgrounds were told, in one con¬ 
dition, that the math test had shown a gender difference in the past and in the 
other condition, that males and females had received equal scores on the test. 
Females performed more poorly than males in the former condition and per¬ 
formed equal to males in the latter condition. Such findings challenge the gen¬ 
erality of any studies showing gender differences in cognitive performance. 


Do Differences in Cognitive Abilities, if They Exist, Matter for 
Occupational Success? 

One can question whether it is even productive to examine gender differences 
in cognitive abilities. This approach has not added much to our understand¬ 
ing of cognitive functioning or how cognition develops. On the practical side, 
there is no evidence that the few modest differences that seem to hold up have 
any consequences for occupational success for men or women. Moreover, 
standardized tests may not even be good at predicting school performance. 
Although the SAT is intended to predict grades in college, it in fact underpre¬ 
dicts women’s grades and overpredicts men’s grades in their first year of col- 
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lege. That is, women earn higher grades than their SAT scores would predict 
and men earn lower grades than their SAT scores would predict. It thus is an 
inequity that these scores are used for decisions about admission to college 
and awarding of scholarships. In short, rather than studying gender differ¬ 
ences, it may be more productive to create contexts in which the salience of 
stereotypes is diminished, provide training in specific skills for both males 
and females who need it, and improve the teaching of science. 


What Are the Relative Contributions of Genetics 
and Environment? 

The development of any ability is a complex intertwining of genetic and envi¬ 
ronmental contributions. A number of findings favor environmental interpreta¬ 
tions: the fact that older studies of gender differences in cognitive abilities 
found larger differences than did more recent studies argues for experiential 
influences. Demonstrations that scores on spatial ability tests can be improved 
by training (e.g., Newcombe, Mathason, and Terlecki 2002) also point to ex¬ 
perience. The size of a gender difference in a particular cognitive skill often 
varies substantially from one age to another; differences that grow larger or 
smaller at different times in the lifespan suggest differential exposure to differ¬ 
ent tasks and practice. Finally, the effects of context described above clearly 
argue against innate differences or even any differences at all. 

The gender-difference approach in psychology has seemed to assume, his¬ 
torically, that some cognitive differences are inherent in being male or female 
and thus are mainly innate. Unfortunately, despite the many critiques of this 
assumption, this perspective continues to bias interpretations of research find¬ 
ings. For example, in the early 21st century, new neuroimaging techniques, 
such as fMRIs (functional magnetic resonance imaging) that show differences 
in male and female brains during cognitive activity usually are interpreted as 
showing innate differences in these brains. However, a large body of research 
shows that experience affects the organization and functioning of brains. 
Given the substantial evidence that boys and girls engage in somewhat dif¬ 
ferent sorts of activities and are encouraged or discouraged from entering 
particular learning environments (e.g., playing on sports teams versus playing 
with dolls), such brain differences are not surprising. Thus, the interpretation 
of research has been influenced by cultural beliefs. 

Males and females obviously do differ innately in many physical ways, 
particularly in the hormonal differences operating even prenatally. The un¬ 
resolved issue, though, is whether these differences matter for cognition or 
whether all differences are mediated by societal norms concerning gender. 
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What’s Missing from the Picture? 

The focus of research on differences in abilities valued by a society based on 
masculine values (e.g., math, science, mechanical, and spatial skills) leads to 
a very unbalanced account of human cognition. Focusing on cognitive abil¬ 
ities required for activities typically associated with females in our culture 
would lead to a broader, more complete, theory of cognition. For example, one 
could research the cognitive skills needed to do collaborative scientific research 
to understand biological nonlinear systems composed of complex connections 
among parts or to conceptualize diversity and variability in nature. 


Conclusion 

The differences within each sex in any cognitive ability are always greater than 
the average differences between the genders. Males and females are more 
alike than they are different. Still, the belief persists that the two genders have 
vastly different profiles of cognitive strengths and weaknesses. Exaggerated 
claims about gender differences in cognitive abilities negatively affect women 
in the workplace. For girls, the myth of their inferiority in math, disproven 
by meta-analyses and by girls’ higher grades in math (Kimball 1989), still re¬ 
mains and may cause mathematically talented girls to be overlooked by adults 
and cause the erosion of girls’ confidence in their math skills (Hyde 2005). 
President Summers’s comments about females’ innate inferiority in science¬ 
relevant abilities clearly show the differential expectations for women and men 
in the minds of at least some members of society, including potential em¬ 
ployers. (See also Gender/Sex—How Conjoined; Mathematics; Nature/Nurture) 
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Mental Illness 


Susan A. Nolan 


Gender differences in the prevalence and experience of mental illness have 
long been observed by both clinicians and researchers. A number of studies, 
mostly in Western countries (and primarily in the United States), have docu¬ 
mented patterns in psychopathology related to gender. It appears that men 
and women have very similar overall rates of psychopathology (e.g., Kessler 
et al. 1994); however, there are differences in prevalence rates and in symp¬ 
tomatic expression of a number of disorders. In particular, there is a fairly con¬ 
sistent gender disparity in the spectrum of mood, anxiety, somatoform, and 
eating disorders (e.g., Kessler et al. 1994). For most disorders in these cate¬ 
gories, rates are higher among women than among men. One of the categories 
for which the gender difference is reversed is substance abuse; men are more 
likely than are women to abuse alcohol and other drugs, a pattern that might 
be changing as women become more likely to use substances than in the 
past. Among the most severe of mental disorders, such as bipolar disorder and 
schizophrenia, there does not seem to be a significant gender difference. 


Disorders that Afflict More Women than Men 
Anxiety Disorders 

Women are more likely than are men to experience anxiety disorders. More 
specifically, women are anywhere from 1.8 to 2.5 times as likely to suffer 
from specific phobias, panic disorder, generalized anxiety disorder, and post- 
traumatic stress disorder (e.g., Kessler et al. 1994). (Some have noted a smaller 
gender difference in the same direction for social phobia and obsessive- 
compulsive disorder, although others have not observed a gender difference 
in their prevalence rates.) With some of the more debilitating anxiety disorders, 
the preponderance of women is even more pronounced; 80 to 90 percent of 
people suffering from severe agoraphobia are women. 
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Mood Disorders 

For the vast majority of the lifespan, women have higher rates of depression 
than men. Until age 12, boys seem to have slightly higher rates of depres¬ 
sion than girls, and after age 65, there appears to be no gender difference. 
However, from ages 12 to 65, depression is approximately twice as common 
in women as in men. 


Somatoform Disorders 

Somatoform disorders are those in which an individual complains of a phys¬ 
ical problem in the absence of a medical or physical explanation (APA 2000). 
There are several somatoform disorders and the gender pattern varies from 
disorder to disorder. Although there is no apparent gender difference in hypo¬ 
chondriasis (unreasonable fears that one has a physical illness), there are 
large differences in somatization disorder (reporting a range of physical prob¬ 
lems that have no apparent organic explanation) and the similar but more 
specific somatoform pain disorder. Women are 10 times as likely as men to 
have this disorder. Somatoform disorders are less common than but frequently 
co-occur with mood disorders and anxiety disorders. 


Eating Disorders 

Both anorexia nervosa, in which an individual refuses to eat, and bulimia 
nervosa, in which an individual binge-eats and then often purges that food, 
occur more often among women than men. Rates among women have been 
reported to be from six to 10 times the rates in men. Eating disorders are 
less common than but frequently co-occur with mood disorders and anxiety 
disorders. 


Explanations for the Gender Differences in Depression and Anxiety 

The bases for the observed gender differences in rates of anxiety disorders 
and depressive disorders have been investigated much more frequently than 
have factors contributing to gender differences in other mental illnesses, and 
numerous explanations have been proposed (e.g., Nolen-Hoeksema 1990). 
Some of these explanations might be applicable to gender differences in other 
disorders, but more research is needed to generalize many of these ideas be¬ 
yond mood and anxiety disorders. 
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An oft-cited explanation is that there is no actual gender difference and that 
the perceived difference is due to an artifact. For example, perhaps women 
are more likely than men to seek help for symptoms of depression and anx¬ 
iety because such admissions are gender congruent for women but not for 
men. In line with this suggestion, some have proposed that men have the same 
underlying symptoms as women but exhibit different behaviors. Men might 
present with issues related to substance abuse or anger; both are seen as more 
gender appropriate for men. Research, however, does not support this expla¬ 
nation. Studies have assessed the presence of disorders using a range of 
measures and techniques and in a range of contexts (community, medical, 
outpatient psychiatric, and inpatient psychiatric settings), and the gender dif¬ 
ference is consistently present. Moreover, there is little or no evidence that 
the underlying cause of substance abuse and depression is the same. The ar- 
tifactual explanation for gender differences in depression and anxiety appears 
to be merely a myth. 

A second artifactual explanation focuses on gender biases of therapists. 
That is, some suggest that women are more likely to be diagnosed with mood, 
anxiety, somatoform, and eating disorders than are men, even though they 
may present with similar symptoms. Because of gender stereotypes, clinicians 
(as do nonclinicians more generally) expect to see higher rates of these dis¬ 
orders among women than men (e.g., Madden, Barrett, and Pietromonaco 
2000). A woman exhibiting even some of these symptoms is likely to be di¬ 
agnosed with one of the disorders whereas a man exhibiting the same level 
of symptoms might not receive such a diagnosis. 

Most commonly, researchers and clinicians have cited social and psycho¬ 
logical explanations for the gender difference. Researchers have suggested that 
women are more likely to display symptoms of anxiety and depression because 
such symptoms are deemed appropriate expressions of emotion, according 
to cultural prescriptions for women (e.g., Madden, Barrett, and Pietromonaco 
2000). This hypothesis implies that women leam a repertoire of responses that 
includes depression and anxiety. Men, on the other hand, display their symp¬ 
toms in other ways. Some suggest that men display negative affect through 
anger, aggression, or substance abuse. This explanation is related to the arti¬ 
factual explanation above. The difference is that the artifactual explanation 
indicates a more conscious decision of what symptoms to present whereas the 
psychological explanation purports that women and men internalize what 
they learn and the resulting disorders are not artifactual but are real. 

Other psychological explanations focus on the role of women in society. 
Women, some theorists suggest, are depressed and anxious because their life 
experiences are more likely to include negative life events that appear be¬ 
yond their control. Women are more likely than men to experience discrim¬ 
ination, poverty, a career/family imbalance, and abuse within relationships 
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(e.g., Madden, Barrett, and Pietromonaco 2000). Research suggests that such 
negative life experiences are associated with increased risks for depression 
(e.g., Nolen-Hoeksema 2002). 

A third psychological explanation involves girls’ responses to the biological 
changes that occur in puberty (e.g., Hankin and Abramson 2001). During ado¬ 
lescence, girls accumulate more body fat, and tend to become more dissatis¬ 
fied with their bodies, which puts them at greater risk for developing body 
image problems; on the other hand, boys accumulate muscle tissue in puberty 
and tend to be happy with the physical changes that are occurring. Given that 
cultural standards value slenderness in girls and muscular physiques for boys, 
gendered expectations for appearance seem to be more detrimental for girls 
than for boys and might contribute to the greater likelihood of mood, anx¬ 
iety, and eating disorders that we see in adolescence. 

Another explanation, one specific to depression, is women’s tendency to 
ruminate in the face of a negative mood (e.g., Nolen-Hoeksema 2002). Women 
who are depressed tend to focus their thoughts and actions on the depression 
itself—for example, listening to sad songs or thinking about why they are de¬ 
pressed. Men, on the other hand, tend to distract themselves by engaging in 
activities or behaviors unrelated to their depressed mood. It appears that ru¬ 
mination exacerbates depression whereas distraction ameliorates it. 

Other psychological mechanisms have been proposed to work in conjunc¬ 
tion with each other to lead to higher rates of depression for women than 
men (e.g., Hankin and Abramson 2001). Rumination and higher levels of neg¬ 
ative life events might combine with a pessimistic attributional style. Specif¬ 
ically, people who attribute their own negative life experiences to negative 
traits in themselves—in effect, blaming themselves when bad things happen— 
seem to have higher rates of depression. This combination of mechanisms 
appears to pose a particular risk for girls as they enter adolescence and might 
explain why it is at this point in development that girls are more likely than 
boys to be depressed. 

Others have proposed biological explanations for gender differences in 
psychopathology, but researchers typically have not found strong support for 
biological hypotheses (e.g., Nolen-Hoeksema 2002). Hormones, for example, 
have been studied for their possible role in the gender differences in depres¬ 
sion and anxiety. Overall, data indicate that fluctuations in hormones that oc¬ 
cur naturally across women’s lifetimes do not appear to cause depression 
among most women; however, it is possible that hormones might play a causal 
role for small numbers of women at high risk for depression. Overall, how¬ 
ever, the common belief that hormones lead to depression in women appears 
to be a myth. 

Similarly, there does not seem to be support for hypotheses that genetic 
differences lead to gender differences in psychopathology. Interestingly, the 
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disorders viewed as most biologically rooted, including bipolar disorder and 
schizophrenia, do not demonstrate the gender differences that we see among 
disorders that appear to have sociocultural roots. 


Consequences of the Gender Difference 

Some have proposed that there are gender issues at a meta-level with respect 
to psychopathology. For example, there are arguments that the organization 
of the diagnostic structure, the Diagnostic and Statistical Manual of Mental 
Disorders, published by the American Psychiatric Association, is inherently 
biased. Some have suggested that the criteria for diagnoses are written in such 
a way as to pathologize aspects of women’s behavior that occur naturally. 
This accusation was particularly strong when researchers suggested the in¬ 
clusion of post-luteal phase disorder, a disorder that many likened to a pathol- 
ogizing of premenstrual syndrome. 

Many have argued that including such questionable disorders, even if there 
is possibly an overly high rate of women receiving diagnoses, is useful in that 
the disorders are viewed as “real” and that insurance companies are then will¬ 
ing to reimburse for treatment. On the other hand, some worry that the stigma 
that all too often accompanies diagnosis with a mental disorder outweighs the 
benefits of arbitrarily including diagnoses that might be artificially constructed. 

The stigma that affects women who exhibit depression- and anxiety-related 
emotions is often subtle. Such symptoms are viewed more positively among 
women than among men, but nonetheless those who display them are viewed 
as more emotional and less rational. The perception of being less rational 
may lead women who display such symptoms to be viewed as less capable— 
as weaker—than others (Madden, Barrett, and Pietromonaco 2000). 

Finally, it is important to realize that our internalized gender-related stereo¬ 
types affect even what we choose to study. Clinicians and researchers choose 
to look for and publish findings related to gender differences (Madden, Bar¬ 
rett, and Pietromonaco 2000). Because of this bias, the emphasis in the re¬ 
search and clinical literature is on aspects of psychopathology in which women 
and men vary rather than on aspects in which they are similar. We may have 
inadvertently highlighted—or exaggerated—differences at the expense of sim¬ 
ilarities. Moreover, as with gender differences across the field of psychology, 
gender differences reflect average differences. When there is a difference be¬ 
tween women and men, it is between the means for women and men. There 
is always a great deal of overlap between the distributions for women and 
men, and knowing that a gender difference exists does not provide informa¬ 
tion about any specific individual. The way that psychopathology research 
and the ensuing literature have been structured might perpetuate the very 
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biases they purport to help us understand. (See also Gender/Sex—How Con¬ 
joined; Personality/Rationality/Emotionality; Women’s Health Movement) 
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Emotionality 

Janine P. Buckner 


Personality 

Everyday stereotypes about being male or female include beliefs regarding 
the kind of individual one should be; preferences, activities, personality at¬ 
tributes, and emotional behaviors are all parts of stereotyped identities that 
we ascribe to others and apply to ourselves. As early as two years of age, 
children expect different kinds of interactions with women and men, and they 
assume that different personal qualities “belong” to these kinds of people. 
Both girls and boys describe men as confident, strong, aggressive, dominant, 
and even cruel, whereas women are characterized as being delicate, emo¬ 
tional, gentle, weak, and affectionate. These beliefs expressed by children 
expose the cultural expectations that shape their knowledge and lead them 
to view gender as being represented along a single continuum of personality 
traits—with masculinity on one end of the spectrum and femininity at the 
other. 

Typically, stereotypes for masculinity describe features focused on a con¬ 
cern about one’s own interests and success, a concept described as agency. 
Such qualities as self-confidence, competitiveness, dominance, and leader¬ 
ship are included in this set of masculine traits. Stereotypes for femininity, on 
the other hand, prescribe the “opposite” features and are characterized as 
representing a connectedness to others, or dependence (Tannen 1990). As 
such, women are expected to be more socially attuned: relational rather than 
rational; emotional and collaborative rather than competitive; nurturing rather 
than selfish; weak and yielding rather than strong and assertive. 

As children become adults, assumptions about the bipolarity of gender con¬ 
tinue to shape perceptions of self and interpretations of experience. Indeed, 
when adults are asked to select traits that are most like themselves, men rate 
high agency-type features and infrequently endorse communal/dependent 
traits; however, women more often select features associated with social iden¬ 
tities (caring, friendly, emotional) rather than qualities of agency (Bern 1993). 
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Translating Gendered Personalities into Expectancies 

The agency and assertive ideals of masculinity are not necessarily viewed as 
negative qualities. In many cultures, such traits as rationality and persistence 
afford individuals opportunities for success. For example, those most likely 
to excel in the workplace are described as individuals who put great impor¬ 
tance on autonomy and confidence and who strive for personal success. 
These characteristics are valued even in traditional theories of development, 
where maturity is “evidenced” by one’s logical or analytic skills, individuation, 
personal responsibility, and autonomy. Women and girls, quite differently, are 
often evaluated by their compliance and the relationships they create, main¬ 
tain, and nurture (Gilligan 1982). Thus, women who aim to “discover them¬ 
selves” and achieve personal goals or who are seen as “driven” are viewed 
in a less than positive light—by men and women. 

Although it is currently more acceptable than in times past for women to 
value and embody typically “masculine” traits (particularly in employment 
contexts), women who display these qualities are viewed by themselves and 
others as being masculine women (a negative image) rather than as pioneers 
of a positive-shifting stereotype for women. But both men and women are 
less apt to tolerate men who display female-typical qualities than women who 
display “masculine” qualities. 

Gender stereotypes for personality and emotionality are not supported by 
cognitive or behavioral data because in reality differences between men and 
women are small, inconsistent, and context-specific at best. Yet stereotypes 
still credit men as more mathematical, scientific, and analytical than women 
and women as more verbally precocious. And while men continue to have 
more rigid boundaries around their gender roles, they are nonetheless advan¬ 
taged by their roles, given the cultural preferences for masculine traits. 


Emotionality 

Gender stereotypes of personality include characterizations about emotion; 
that is, they describe gender differences in the experience and expression of 
emotion. Emotion behaviors, like stereotypes for personality, appear to be 
largely shaped by gender socializ a tion practices within families, communities, 
schools, and other social institutions. Like personality, emotional stereotypes 
for masculinity and femininity may be implicitly taught and reinforced. And 
the effects of this socialization of emotion, though not readily apparent, may 
lead to different cognitive styles that men and women use to interpret expe¬ 
rience and to process different details of an experience (whether explicitly or 
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implicitly emotional in nature). According to such a view, “his and hers” the¬ 
ories of emotion perception suggest that socialization may play different roles 
in the experience of affect. Men’s perceptions may be shaped to attend to 
physical or neurological cues for emotion whereas women may instead learn 
to focus upon emotion as an emergent quality of social interaction (see Bran¬ 
non 2005 for a review). 


The Experience and Expression of Emotion 

The debate regarding gendered emotion is not at its core about whether men 
and women have similar experiences of emotion. Myriad studies suggest that 
women and men have similar emotional responses to stimuli; moreover, the 
findings appear to be culturally universal. Although men show greater neu¬ 
rological responses (galvanic skin measures) to anger and other emotions than 
women, more general measures of emotional reactivity reveal similarities in 
men’s and women’s affective states (Fischer and Manstead 2000). Interestingly, 
the specific pattern of gender differences observed in emotionality depends 
on the particular emotion investigated. Whereas women are apt to respond 
emotionally to a wider number of situations than men (and with more broadly 
defined emotional behaviors), men appear more likely to internalize their 
reactions. (Note, however, that women are more likely than men to be diag¬ 
nosed with mood, anxiety, or eating disorders, all presumed to be internalizing 
disorders related to emotional responses.) 

These differences notwithstanding, Matlin (2004) and others have argued 
that beliefs in gender polarization may have led to exaggeration of any small 
differences that are empirically observed in men and women. In short, more 
differences lie within the gender groups than between them. Disparity in 
emotional behaviors and cognitions of men and women may be more an 
artifact of experience than of biology. 


Perceptions of Emotional Experience 

Rather than take issue with the experience of emotion per se, researchers and 
theorists tend to focus on expressions of emotion—that is, how women and 
men respond to these internal emotional experiences. Cultural gender roles 
portray women as having more emotional reactions and more emotional in¬ 
tensity than men, even for similar experiences. Theorists and researchers must 
contend with these distinctions between emotional frequency and emotional 
intensity. 
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Although there is some evidence that displays of emotion differ between 
women and men, usually these differences are artifacts of observational con¬ 
texts. For instance, research indicates that smiling behaviors vary with the 
degree of tension in a situation or the familiarity of others in a social setting. 
Likewise, women are purported to smile more frequently than men and to 
demonstrate more visible mouth movements than men in response to a wider 
set of contexts and individuals. However, conclusions about this social smil¬ 
ing must be qualified; in situations where there is a power differential, women 
are more likely to smile when they are subordinate than are men (who typ¬ 
ically show no smile). Moreover, women are reported to smile more frequently 
than men when they experience negative affect or social tension. 


Self-reports of Emotionality 

Women do report different rates of experiencing affect than do men, partic¬ 
ularly in social contexts. The majority of affective states appear to be recog¬ 
nized, expressed, and reported more frequently (and even remembered in 
more detail) by women than by men. The caveat to this pattern is that anger 
appears to be behaviorally (and verbally) expressed more by men than women, 
whereas sadness is more frequently and elaborately expressed by women 
than men (for a review see Fivush and Buckner 2003). Even within indirect 
measures of self-reports, such as when counting the number of emotion 
words used in conversations, gender difference may be discovered. Whether 
within a developmental study (such as in parent-child discussions about the 
past) or in interviews with college students or older adults, men and women 
often choose different words and labels when characterizing the same emo¬ 
tional concepts and feeling states. Other studies report differences in the ways 
men and women relate the nuances of their emotional experiences. For in¬ 
stance, women and their conversational partners may use more synonyms for 
the feelings they talk about. Women may also discuss other emotions in addi¬ 
tion to the target feelings about which they converse, whereas men are more 
apt to center the content of their talk on the specific feeling they are discussing. 

These differences in emotion expression correlate with socialization prac¬ 
tices that emphasize a boyhood culture of dominance, rationality, and non¬ 
emotion. In this culture, boys (and men) are encouraged to be calm, cool, 
and collected, or rational and controlled (that is, emotionally restrained). From 
this perspective, they would not be expected to talk much (if at all) about 
their feelings and would not be given much practice to do so. Conversely, 
women who “grow up” in a culture that prescribes their roles as dependent 
and connected to others would be encouraged to be sociable and emotional. 
As such, girls (and women) would be expected to express a broad set of emo- 
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tions in a wide range of contexts. Oft encountered throughout life, these kinds 
of messages can become internalized beliefs that serve to guide individuals’ 
own thoughts, decisions, and actions with respect to emotionality. 


Perceptions of Others’ Emotion 

Another way to investigate emotional stereotypes is to examine the feelings 
that individuals ascribe to others (emotional decoding). Studies of emotional 
decoding often require participants to report the emotions displayed by others 
that are usually displayed on gender-ambiguous faces or in filmed vignettes 
with gender-neutral individuals. The targets shown to participants can be 
babies, children, or adults. Sometimes individuals are informed of the gender 
of the targets as they view the emotional displays. In studies where targets 
show “upset” expressions or behaviors, men and women are both more likely 
to ascribe sadness or guilt to female targets whereas anger is attributed to 
faces and filmed behaviors of male targets. And even when participants are 
not told the gender of the target individuals, women and men make the same 
attributions based on their assumptions or beliefs about the target’s gender. 
Male and female participants each attribute “sadness” to a visibly upset target 
when they believe the target is female and describe the targets as “angry” 
when they believe they are observing a male target. Such findings indicate 
how effective conventions and stereotypes are in inducing conformity to so¬ 
cial stereotypes; more to the point, these stereotypes are applied unilaterally 
when one explains one’s own behaviors or those of other individuals. 


The " Whens” and "Wheres” of Feelings Matter 

Given the contextually dependent nature of gender and gender roles, reason¬ 
able explanations for gender differences in emotionality and personality must 
avoid assumptions that they are founded in essential differences between 
men and women. Indeed, empirical evidence suggests that the disparities ob¬ 
served between male and female emotion behaviors are likely not due to an 
innate or hormone-dependent affect system but to beliefs learned from and 
reinforced by other members of our cultural settings. Thus, social stereotypes 
about emotionality are largely the result of perceptual differences, which 
emerge out of experience. Consequently, an individual’s degree of conform¬ 
ity to gender-prescribed roles is usually a better predictor of emotional ex¬ 
pressions in a given context than is the sex of that individual. Therefore, the 
best approach to understanding gender differences in emotionality and per¬ 
sonality traits is to address the ways individuals come to perceive experiences. 
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For instance, although individuals identify common experiences of anger, what 
most angers women are behaviors of individuals familiar to them whereas 
men are most angered by strangers. The issue is not that men do not have 
emotional reactions and women have too many—instead, the issue may be 
the need to explain the circumstances in which (and with whom) individuals 
acknowledge and display their emotions in particular ways. (See also Gender/ 
Sex—Flow Conjoined; Mental Illness) 
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Sue V. Rosser 


The use of hormones to reinforce gender myths and of gender myths to es¬ 
tablish hormonal differences between the sexes stands as an addition to the 
lengthy tradition of biological determinism; the use of biological differences 
among races, sexes, classes, and species in anatomy, hormones, and genes 
provides biological justifications for social, behavioral, and psychological 
inequalities. The biological determinism tradition predates the 19th century, 
and works by Gould (1981) and Sayers (1982) elegantly trace the roots con¬ 
necting the 19th-century tradition to its pre-19th-century antecedents as well 
as its successors in the 20th century. More recently, research has emphasized 
the connections between hormones and differences between the sexes in 
brain lateralization, anatomy, and function and behavioral traits such as visuo- 
spatial ability and aggression correlated with men’s success in science and 
mathematics. 

Because of the linkage between hormones and anatomical differences in 
males and females, it is not surprising that endocrinological research has put 
much effort into searches for differences between the sexes. The terminology 
of male hormones (commonly used to describe testosterone and its deriva¬ 
tives) and female hormones (frequently used for both the estrogen-related 
hormones and the progestins) is a telling example of the emphasis on sex 
differences. In fact, the so-called male hormones and female hormones are 
found in both males and females. 

The major difference is in the levels or amounts produced in the two sexes, 
not in their presence in one sex or the other. There are also differences in 
the major anatomical sources of these hormones in the adults of the two sexes 
(ovaries in the female, testes in the male, and adrenal glands in both males 
and females) and their cyclicity of production. There are also many different 
forms of estrogens, progestins, and androgens, all closely related to each other 
in chemical structure. The basic structure of all is the four carbon rings of 
cholesterol, a steroid, with the main difference among them being in one or 
two of the side chains having oxygen (O) or hydrogen (H). In various body 
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Molecular structures of estradiol and testosterone. 


tissues of both sexes, cholesterol is normally metabolized to progesterone, 
which is metabolized to testosterone, the major androgen, which is metabo¬ 
lized to estradiol, the major estrogen. There are many other circulating meta¬ 
bolic forms of the three steroids, each with unique physiological effects, present 
all of the time in varying levels in females and males, with constant conver¬ 
sions from some forms to others. However, use of the terms male and female 
hormones obscures these true differences in amount and cycle of production 
and suggests incorrectly to the layperson that men produce only “male hor¬ 
mones” and that women produce only “female hormones.” 


Flaws in Interpretation of Endocrine Research 

Some endocrinological research and the way it is conducted suggest fuzziness 
and flaws in understanding the relationship between hormones and sex: 

1. Some work assumed that the cyclical nature of the female reproduc¬ 
tive pattern made female rodents and primates unsuitable as experi¬ 
mental subjects for tests of hormones or other chemicals. Tests for 
drugs run only on male subjects, either rodent or human, may yield 
“cleaner” data, but it is more limited. The cyclicity of hormones in fe¬ 
males may yield differing results or interactions with drugs, depending 
on the stage of the cycle. Thus, extrapolation of results from male pop¬ 
ulations only to females frequently is not appropriate. In addition, 
tests of blood hormone levels reveal episodic rather than steady pat¬ 
terns of secretion of virtually all hormones in both males and females. 
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2. Because “male hormones” and “female hormones” occur in both sexes 
and are closely related biochemically, biochemical conversions be¬ 
tween hormones may occur within the body. An injection of testos¬ 
terone may be converted to estrogen or another derivative before it 
reaches the brain. Therefore, research purporting to demonstrate that 
testosterone makes males more aggressive or faster at running mazes 
may be flawed because the testosterone injected may or may not have 
been converted to other derivatives before it reaches the operative 
organs. 

3. In addition to problems with biochemical conversions of hormones 
after injection, behavioral effects induced in one species do not ensure 
similar effects in a different species. Biochemical traits in one species 
cannot necessarily be extrapolated to another species, nor can changes 
in hormone levels be assumed to be the cause of behavioral or other 
performance differences between the sexes. 

4. Behavioral and biological factors may be relatively inseparable and 
interactive. Environmental physical or psychological stress factors such 
as position in the dominance hierarchy have been shown to be both 
the cause and the effect of higher or lower levels of testosterone in 
primates. 


Sociobiology 

Unfortunately, hormone differences between the sexes have in some cases 
been used to explain differences in behavior, aptitude, and position between 
men and women. Sociobiology, the late 20th-century version of biological 
determinism, added genes to the 19th-century factors of anatomical and hor¬ 
monal differences that might justify social inequalities between human sexes, 
races, and classes. 

Sociobiology is the study of the biological basis of behavior. Some socio- 
biologists such as Barash (1977) and Wilson (1975) state that behavior is ge¬ 
netically determined, that genes determine hormones, and that differences 
between males and females in role, status, and performance are biologically 
based. Critiques of sociobiology have centered around criticisms of the as¬ 
sumption that behaviors such as aggression, homosexuality, promiscuity, self¬ 
ishness, and altruism are biologically determined through genes and hormones 
and the problems involved with anthropomorphism in animal behavior stud¬ 
ies. However, despite critiques, the most renowned sociobiologists have con¬ 
tinued to assume that genes do determine behavior and that the behaviors 
described as aggression, homosexuality, rape, selfishness, and altruism in an¬ 
imals are equivalent to those behaviors in humans. 
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Sometimes the scientific controls and experimental design in these studies 
have not met the rigor required to draw such conclusions. Researchers must 
guard against confounding correlation of changing hormone levels and be¬ 
havioral manifestations with cause and effect. This confounding is particularly 
likely to occur when the biological results correlate well with the social status 
quo and accepted notions of gender-appropriate behavior and roles in a par¬ 
ticular society. (See also Nature/Nurture) 
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Sue V. Rosser 


Menstruation serves as a visible marker that distinguishes men from women. 
Since it also signals the potential for physical, reproductive capability for a 
woman, it becomes a defining stage in the female life cycle. Because it be¬ 
gins at puberty and ceases at menopause, menstruation provides an outward 
manifestation of a complex interaction among the brain, hormones, ovaries, 
and uterus occurring each month in most women from adolescence through 
middle age. 

The Greeks believed that women’s balance of humors made them “colder 
and wetter” and also more emotional and sexual than men. Without regular 
menstruation to eliminate the surplus fluid, women could suffer physical 
and/or mental illness. In the absence of regular menstruation and intercourse, 
the uterus was believed capable of wandering around the body, causing a 
variety of physical or mental ailments. These Greek notions of fragility during 
menstruation and links to mental imbalances endured into the 19th and early 
20th centuries as hysteria (the Greek term for uterus) when delicate, upper- 
class Victorian women experienced breakdowns that necessitated bed rest. 
Too much studying was also thought to drain sustenance to the brain from the 
uterus, making college-educated women less fertile and more mannish. 

Anthropological studies suggest that menstruation is a cultural event, ex¬ 
perienced in different ways by individual women in different societies. Thus, 
it is not surprising that myths have historically surrounded the science of this 
marker of gender differences and that the “natural” processes surrounding men¬ 
struation and menopause have become increasingly medicalized today. 

One motivation for such medicalization may be men’s interest in control¬ 
ling reproduction. The current medical structure in the United States segre¬ 
gates issues of women’s reproduction, and virtually all aspects of women’s 
health, into the specialty of obstetrics/gynecology. Medical models of men¬ 
struation, premenstrual syndrome (PMS), and menopause reflect negative 
images of women and their bodies through their depiction of menstruation as 
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failed reproduction, PMS as raging hormones, and menopause as diminished 
production of estrogen. Physicians prescribe synthetic hormones and drugs to 
cure and control the hormonal changes. 


Menstruation 

The medical model of menstruation describes day one of the cycle (in a nor¬ 
mative 28-day model) as the first day of menstruation. At this time, the uterine 
lining is being sloughed off (because of failed implantation of a fertilized egg) 
and low levels of estrogen and progesterone produced by the ovary circulate 
in the blood and are detected at the hypothalamus in the brain. By approx¬ 
imately the end of menstruation (days 5-7), one or more follicles in the ovary 
begin to prepare to be released (ovulated) at mid-cycle and also release es¬ 
trogen and some progesterone. A few days later (8-12) during this estrogen- 
dominated follicular phase, the uterine lining begins to rebuild (proliferatory 
phase) and the cervical mucus is thinner. In response to increasing levels of 
estrogen, an egg is ovulated from the ovary on day 14. 

After the egg is released at ovulation, the follicle turns into the corpus lu- 
teum, which produces increasing amounts of progesterone and less estrogen. 
The uterine lining thickens and becomes prepared to receive a fertilized egg 
for implantation. In the absence of fertilization and implantation, the corpus 
luteum decreases its output of progesterone and estrogen. Falling levels of 
estrogen and progesterone cause the uterine lining to be sloughed off (men¬ 
struation), signaling day one of the next cycle. 


PMS 

Following this medicalized model of menstruation, in which hormones and 
physiology predominate in a context of failed reproduction, loss, and slough¬ 
ing off, premenstrual syndrome (PMS) is ascribed primarily to hormonal and 
physiological causes. Although the medical literature acknowledges that PMS 
constitutes a group of social, psychological, behavioral, and physiological 
symptoms that vary widely among women and within the same woman and 
that the timing and severity of the symptoms also vary, physical, rather than 
psychological and social reasons, are sought to explain the syndrome. For ex¬ 
ample, inadequate levels of progesterone relative to estrogen become the un¬ 
derlying hypothesis to explain a number of social, psychological, and physical 
symptoms common to PMS ranging from breast tenderness, weight gain, irri¬ 
tability, and depression as a result of water retention promoted by excessive 
estrogen relative to progesterone. 
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Under this medical model, hormones (progesterone) and/or drugs such as 
bromocriptene or antidiuretics become the cures to alleviate both physical 
and psychological symptoms. An extreme version of this medical model, ad¬ 
vocated by British physician Katharina Dalton, led not only to the prescription 
of progesterone to counteract the excessive estrogen in women with PMS but 
also the use of PMS as a defense to have women acquitted of charges of mur¬ 
der. The model has also been used to keep women out of high-paying lead¬ 
ership positions under the guise that fluctuations in hormones during PMS 
render them incapable of making rational decisions. Nondrug alternatives— 
such as changes in diet by decreasing salt, caffeine, alcohol, and sugar or in¬ 
creasing exercise—fit the medical model because they serve as natural sources 
or enhancers of synthetic hormones and drugs. 

Although many women taking hormones and drugs report alleviation of 
PMS symptoms, no drug or hormone has been shown to be effective in a 
double-blind study. This failure, coupled with questions about whether it is 
appropriate to give a label such as PMS or Late Luteal Phase Dysphoria (LLD) 
to a variable, vague group of symptoms that as many as 70 to 90 percent of 
women experience (Reid and Yen 1981), challenges the medical model as 
the most useful depiction of normal life cycle events for women such as men¬ 
struation, PMS, and menopause. 


Menopause 

The medical definition of menopause can be traced to developments in sex 
endocrinology research from the early 20th century when sexuality, repro¬ 
duction, and various aspects of human sexual behavior became tied to the 
effects of fluctuating sex hormones, and estrogen was defined as the “fe¬ 
male sex hormone.” The medical view saw menopause as the result of de¬ 
creasing ovarian production of estrogen. This absence or decline led to the 
definition of menopause as a disease that might be treated through the ther¬ 
apy of replacement by commercially prepared estrogen. Dr. Robert Wilson 
popularized the use of estrogen replacement therapy to treat the disease of 
menopause and diminished femininity through his 1966 book Feminine 
Forever. 

Until the Women’s Health Initiative begun in 1992, very little research on 
women’s menopausal experience existed. As the baby-boom generation ages, 
the pharmaceutical companies developed an extreme interest in capturing 
the market of consuming women approaching menopause. These companies 
redefined menopause as a disease that required hormones to cure it and 
made large amounts of money by selling hormone replacement therapy (HRT) 
to women before, during, and after menopause. 
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Most women expressed rage against the pharmaceutical companies and 
health care industry after the announcement in 2002 that HRT increased the 
risk of stroke, breast cancer, and blood clots and did not prevent heart attacks 
or Alzheimer’s. Immediately, over 6 million women stopped taking hormone 
therapy and demanded to know more about the research and policies that 
had encouraged them to take it (Pearson 2006). They asked why they had been 
given HRT before such research had been completed and began to question 
seriously the medicalization of menstruation, PMS, and menopause. (See also 
Endocrinology and Hormones; Women’s Health Movement) 
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Narin Hassan and Cynthia Klestinec 


Ideas about health are derived from a variety of sources, practices, and insti¬ 
tutions. While hospitals and public health reforms existed in the early modern 
period and especially in urban environments, health was not limited to the 
absence of disease, nor was it the only goal of the physician. Disease, a con¬ 
dition inseparable from and known through the body it affected, and illness, 
the perception of a lack of health or well-being, help to illuminate the cate¬ 
gory of health as it was managed and experienced in the early modern pe¬ 
riod. 

Lasting into the 18th century, the system of the four humors structured both 
medical diagnoses and treatments. Each humor, moreover, was associated with 
an element: black bile with water, yellow bile with fire, blood with earth, and 
phlegm with air. Accordingly, illness was due to an imbalance of humors. 
Health was understood as the maintenance of a balance, difficult to achieve 
but constantly sought after. Treatments accounted for the condition and the 
patient’s disposition: men tended to be hotter and drier; women, colder and 
moister. In contrast to modern understandings of the body as composed of 
solid organs and processes such as blood circulation, early modern people 
imagined the body as a complex system of humors, liable to be put in a state 
of imbalance and capable of directing attention to a person’s temperament 
(e.g., melancholic if phlegm was more prominent, sanguine if blood was). It 
was through this system that ideas about health were constituted, a system 
that blended rather than divided the mental and the physical. 

Treating illness depended on several principles, not only on the oppositions 
between watery or dry humors. For example, the principle of sympathy in¬ 
dicated that a disease could be expelled if it were transferred from the body to 
other objects. Mary Lindemann (1999) records that as late as the 18th century, 
peasants brought sheep into the bedroom of patients suffering from fever so 
that the fever could be transferred from human to beast. For the most part, 
illnesses were treated with attempts to restore balance through laxatives and 
bloodletting as well as sleep and waking, food and drink, rest and exercise, 
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excretion and retention, and the passions or emotions. Both lay and learned 
people took some direction from astrological medicine (which was not su¬ 
perstitious but formally a part of astronomy), which sought harmony between 
the microcosm, the body, and the macrocosm, the universe; the stars, that is, 
could influence the human body, bringing the humors into balance or knock¬ 
ing them out of balance. In the middle of the 18th century, the humoral sys¬ 
tem was given a stronger environmental component. Joining older beliefs, 
newer ideas about the effect of climatic and environmental factors entered the 
picture: long periods of rain, for example, could cause illnesses related to an 
abundance of phlegm. 

What were the illnesses that our modern eyes can detect in the historical 
record? Childhood diseases included smallpox, whooping cough, infantile 
diarrheas, and tuberculosis. Adding to mortality figures were plague and 
typhus. Diseases that affected a larger segment of the demographic included 
plague, leprosy, and St. Anthony’s fire (gangrenous ergotism), influenza, tu¬ 
berculosis, malaria, and typhus. Diseases of old age included cancer, heart 
disease, circulatory problems, and gout (Park 1992). In addition, worm infes¬ 
tations, eye infections (causing blindness), and poor nutrition (stunted growth 
and caused glandular tuberculosis known as scrofula) contributed to many 
health concerns. Finally, environmental factors, related to food, housing, 
and war, helped to determine the incidence of many diseases. Were the food 
sources sufficient or deficient in nutrients? Was housing properly ventilated 
or overcrowded? Was sanitation adequate or a source for typhosoid fevers, 
dysentery, and body vermin? As every government knew, moreover, war 
brought about makeshift housing, overcrowding, inadequate sanitation, which 
were all sources of concern for public health. 

Early modern public health did not revolve solely or even initially around 
the hospital. Rather, in an attempt to deal with the epidemic proportions of 
plague (ca. 1348) as well as postwar development, governments throughout 
Europe (but first in Italy) instituted boards of health, which sought to reg¬ 
ulate everything from sanitation—such as the collection of manure (for farm¬ 
ing) that was moved outside the city walls—and prostitution to trade and the 
implementation of quarantines and other isolation techniques to limit the 
spread of disease. 

The hospital eventually responded to public health concerns. In its late 
medieval and early Renaissance incarnation, though, it was an institution 
devoted to charity, to the health and healing of a wide range of people and 
especially the poor. In the medieval period, health fell to religious healers, 
shrines, and other locations of miraculous healing; midwives; barber-surgeons; 
and physicians. In the early modern period, however, such variety diminished 
as the market for health care providers developed a clear hierarchy. Medical 
schools, for example, began to adopt specific procedures for training, licensing, 
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and practice. Academic medicine, moreover, found its way to broader so¬ 
ciety; surgeons as well as physicians were able to obtain medical informa¬ 
tion from lessons or lectures as well as printed texts or manuals in the 
vernacular (not only in Latin). This helped to standardize (and hierarchize) 
approaches to healing; and this feature foreshadows the rise of the hospital 
and its transition from a charitable institution to an embodiment of scientific 
authority. 

Hospitals also adopted regulatory procedures that were identified most 
closely with public health concerns. They designated space for quarantine and 
converted old units to leprosaria, which were then used for people considered 
to be chronically ill (such as the insane). In addition to these institutional de¬ 
velopments, the relationship between the practitioner and the patient, for¬ 
merly one of mutual respect and equality, shifted to a hierarchical interaction 
between practitioner (a superior) and patient (an inferior). These changes 
reflected the growing authority of science and its embodiment in institutions. 
As scientific ideas about health emerged, the universal “body” took the place 
of a specific patient’s body; with that, the male body became the standard 
while the female body became important in the sole area of reproductive 
health. 


Health and the Rise of Modernity 

In the 18th and 19th centuries, social and medical reforms encouraged public 
health to evolve into a discipline. The hospital established itself as the cen¬ 
ter for medical care. Through its institutional presence, medicine gained au¬ 
thority, and health care entered the public realm, retreating from the domestic 
one. Hospitals also became the centers of teaching and research, where major 
diseases were studied more fully. In the 19th century, the hospital became a 
site of reform. Further, as Bruce Haley (1978) has revealed, the discovery 
of physiological systems, a growing interest in the relationship of mind to 
body, and a belief that education and physical training could impact the body 
changed the ways that attaining good health was imagined. 

One of the most dangerous contagious diseases of this period was small¬ 
pox, and one of the groundbreaking achievements was the discovery that 
inoculation and vaccination could prevent it. Although Edward Jenner is cel¬ 
ebrated for his development of the smallpox vaccine, a woman traveler, Lady 
Mary Wortley Montagu, is responsible for popularizing the idea of inoculation 
in England in the early 18th century. After having her son inoculated in 
Turkey, she worked to spread this practice in England several years before 
Jenner’s experiments. Thus, she, like many other women of the period, played 
a role in the educational and social dissemination of ideas surrounding health. 
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Lady Mary Wortley Montagu. (Paston, 
George. Lady Mary Montagu and Her 
Times, 1907) 



In 1797, Jenner revealed that tiny amounts of cowpox could create resistance 
to smallpox; published, his research caused vaccination to spread quickly 
around the globe as a form of disease prevention. Vaccination ushered in the 
idea of preventative care and encouraged a dialogue on public health issues. 

While the Enlightenment had encouraged a search for the causes of ill 
health and disease, 19th-century reformers began to transform public institu¬ 
tions such as the hospital into disease prevention units. Florence Nightingale 
revealed how poor ventilation and sanitation in hospitals actually promoted 
disease; with her influence, hospitals were restructured to promote new ideas 
about healthy healing environments. Because disease was linked to larger so¬ 
cial systems, moreover, health warranted political and national concern. New 
scientific fields such as statistics encouraged the management of populations 
and their health. Urban development, moreover, had produced slums where 
disease outbreaks spread quickly and where sanitation and environmental con¬ 
ditions required reform. Freidrich Engels (1958), in his The Condition of the 
Working Class in England, noted that industrialization and capitalism pro¬ 
duced unhealthy urban environments; and Thomas Carlyle (1904) proposed 
that the state should invest in the health of its population. In Britain, the Age 
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of Reform had begun, and it included figures like Edwin Chadwick who pro¬ 
duced the Sanitary Report of 1842, which calculated the illnesses and detailed 
the conditions of poor and working-class life. As Mary Poovey (1995) notes, 
“Chadwick declared that unsanitary living conditions increased poor rates 
to unnatural levels . . . more government intervention in the realm of public 
health would free the economy to govern itself.” Other figures, like John Snow, 
discovered that cholera spread in industrial neighborhoods through the water 
supply; his epidemiological work heightened the awareness of the relation¬ 
ship between bodies and their environment. 

Other discoveries, such as germ theory and bacteriology, created a culture 
focused on the isolation and containment of disease. Female bodies were in¬ 
creasingly under surveillance because knowledge about sexually transmitted 
diseases increased. Yet, prostitution remained one of the only choices for 
survival for poor or “fallen” women. In Britain, the Contagious Diseases Act of 
1864 allowed authorities to arrest prostitutes and force them to have medical 
examinations and treatments. But the sanctions applied only to women, not 
to men. 

In the 20th century, such state-led management and surveillance of bodies 
around issues of health became the norm, as the field of public health grew 
and as influential governmental and global agencies emerged. Two of the most 
important of these are the World Health Organization (WHO) and the Centers 
for Disease Control (CDC). Such institutions developed programs, such as the 
1958 Smallpox Eradication Program (WHO), an early example of the move 
toward global immunization and standardization of health care initiatives. 

With the emergence of large-scale public health movements and the ex¬ 
pansion of preventative care, the male body was posited as the universal 
model. Women’s health focused on the reproductive capacities of women. 
Issues surrounding maternity and sexual diseases built the field of women’s 
health, but research in almost all other aspects of illness concentrated on the 
ways diseases impacted men. Thus, gender stereotyping and bias often shaped 
health care policy, and it continues to do so. Tracing the current conditions 
of gender and health policy in the United States, Kary Moss (1996) argues 
that institutional bias restricts the entry of women into the United States health 
care system since they are often excluded from clinical trials and drug treat¬ 
ments, as many programs do not address the needs of women. 

While health in the early modern period was understood in light of various 
communities, institutions, and ideas about the body, modern health has been 
increasingly understood and managed by institutions like the WHO and CDC. 
Gender biases, however, continue to pervade these governing bodies and 
other medical institutions. The recognition of gender as well as class, race, and 
ethnic differences constitutes a crucial component of new research in the ar¬ 
eas of health. 
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Gender/Sex—How Conjoined 


Sue V. Rosser 


For most of history, people believed that biological sex determined sexual 
orientation, social roles, and even occupational abilities, such as who could 
become a scientist. This belief led to much scientific research examining the 
biological bases for sex differences and deviations. Gayle Rubin (1975) ex¬ 
plicitly described the sex/gender system, distinguishing the biology of sex 
from the cultural/social construction of gender to reveal the male-centered 
social processes and practices that constrain and control women’s lives. Rubin 
built on the implications of The Second Sex by Simone de Beauvoir (1948), 
who initiated the second wave of the women’s movement. She provided the 
philosophical origins of existentialist feminism by suggesting that women’s 
“otherness” and the social construction of gender rest on society’s interpreta¬ 
tion of biological differences (sex). 

Rubin articulated the connection between the biological sex and the social 
construction of masculinity and femininity that result in superiority being at¬ 
tached to what was labeled masculine and in discrimination against what was 
defined as feminine across various societies. Although the definition of what 
tasks, roles, and behaviors were considered masculine and feminine varied 
among societies, the lower status ascribed to feminine and femininity remained 
consistent across societies. Rubin’s articulation of the operation of the sex/ 
gender system in a variety of contexts within a society and across societies 
provoked ethical questions about unequal treatment based on sex/gender in 
all arenas, including science and technology. Fler explication of the sex/ 
gender system led to questions about whether sex/gender biases had perme¬ 
ated science and engineering on a variety of levels. 


Flexibility of Biological Sex 

Aware of the fluidity of biological sex among a variety of species in the animal 
kingdom, including humans, biologists explored the definition of biological 
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sex. They examined inappropriate direct links from the simplistic, binary cat¬ 
egories of biological male and female to gender identities of masculine and 
feminine as well as inappropriate assumptions to links with particular sexual 
orientations. At the time of birth, attendants categorize newborns into the 
binary categories of male or female despite numerous clinical examples in 
humans demonstrating that biological sex can be disaggregated into genetic, 
hormonal, internal anatomical, and external anatomical components. Typi¬ 
cally a genetic male (XY) will produce some testosterone prenatally that will 
lead the undifferentiated fetus to develop internal organs such as testes and 
external structures such as the penis, normally associated with males. Break¬ 
downs or changes at any level may cause development to take a different 
path. For example, individuals who are genetic males (XY) with androgen 
insensitivity (testicular feminization) have testes but female external genitalia; 
individuals with Turner’s syndrome (genetic XO) have the anatomy of females 
at birth (although their genitals may remain immature after puberty and they 
may or may not have ovaries) but do not have the XX sex chromosomes as¬ 
sociated with “normal” females. 

After birth, it was assumed that an individual categorized as male would 
produce increased levels of testosterone at puberty that would lead to the 
development of secondary sex characteristics such as facial hair and a deeper 
voice, while a female would develop breasts and begin menstruating in the 
absence of testosterone and in the presence of estrogen and progesterone. 
Clinical conditions such as congenital adrenal hyperplasia (CAH) demonstrated 
further breakdown in the uniformity of biological sex. The absence of the 
enzyme C-21-hydroxylase in CAH results in genetic females (XX) with female 
internal genitalia but male external genitalia. 

These breakdowns demonstrating that a genetic male did not always result 
in an individual with functioning male anatomy and secondary sex charac¬ 
teristics undermined the binary sex categories of male and female. They also 
led scientists to question biologically deterministic models that linked the 
male sex with male gender identity, role development, and heterosexual 
identity. Statistical and interview data from the Kinsey Reports coupled with 
clinical studies revealed difficulties with binary categories and assumptions 
of cause and effect. For example, the studies of Money and Erhardt (1972) 
explored so-called ambiguous sex or babies born with external genitalia “dis¬ 
crepant” with their sex chromosomes and internal genitalia (i.e., genetic fe¬ 
males [XX], with ovaries, but an elongated or “penoclitoris,” or genetic males 
[XY], with testes, with androgen insensitivity). 

Many of the babies in these studies were genetic females who had am¬ 
biguous external genitalia at birth resulting from their mothers having been 
given synthetic progestins to prevent miscarriage during the pregnancy. Money 
and Erhardt concluded from these studies that operations and hormone treat- 
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ments to remove ambiguity would not prevent “normal” gender identity 
development congruent with the assignment of sex based on construction of 
external genitalia, as long as such reassignment occurred before the baby was 
18 months of age. Even at the time of these studies, assumptions that Money 
and Erhardt made about appropriate gender identities and roles were ques¬ 
tioned. For example, people questioned whether exposure to androgens had 
resulted in the higher IQ of these genetic females and whether the parents 
of sexually reassigned individuals treated them in ways that would influence 
them to develop “appropriate” gender identity. In recent years, more emphasis 
has been placed on the ethics of using surgery and hormones to provide con¬ 
formity between the biological sex and the socially constructed gender roles. 
As adults, the patients themselves have raised questions about who made the 
decisions to do the sexual reassignments, who decided what was “appropriate” 
gender identity, and in many cases, why they had never been told that these 
medical and psychological interventions had been done to them. 

Transsexual surgery was described as a solution for individuals who have 
always felt that they were trapped in a body of the wrong sex. A medical in¬ 
tervention became popular during the 1970s to make the socially constructed 
gender identity of individuals congruent with their biological sex. Although 
large numbers surfaced almost immediately of “dissatisfied” or “problematic 
cases” of individuals who had undergone transsexual surgery, the broader 
medical and mainstream community took longer to realize that sex and gen¬ 
der were not the same and that binary categories of male and female, as well 
as masculinity and femininity, might be too limited and constraining. Philoso¬ 
pher Jan Raymond in her 1979 book The Transsexual Empire pointed out 
that transsexual surgery would not be needed in a society that did not force 
people to conform to very constricted, dichotomous gender roles based on 
their sex, but not until the late 1990s did the transgender movement begin. 
In Transgender Warriors (1996), Leslie Feinberg discusses how the social con¬ 
struction of gender allows her to assume a male gender role/identity without 
ever intending to undergo transsexual surgery; Feinberg understands and 
wishes to challenge the notion that biological sex determines the social con¬ 
struction of gender. 


Impact of Sex/Gender in Scientific Theories/Experiments 

The statistical data demonstrating the dearth of women in science, especially 
the physical sciences and engineering, led Evelyn Fox Keller (1982) to ex¬ 
plore the very interesting question of whether the small number of women has 
led to the construction of a gendered science that examines nature from a 
male perspective. Keller coupled work on the history of early modern science, 
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demonstrating that women were purposely excluded and not permitted as 
valid “witnesses” to scientific experiments, with theories of object relations for 
gender identity development. Keller applied object relations theory to show 
how women as primary caretakers of children during gender role socializa¬ 
tion leads more men to choose careers in science. Since women may encour¬ 
age boys to differentiate by pushing them to be distant, autonomous, and 
separate from them as caretakers, this may result in science becoming a mas¬ 
culine province that excludes women and causes women to exclude them¬ 
selves since women are encouraged to remain connected and less separate. 
Science is a masculine province not only because it is populated mostly by 
men but because this leads men to create science and technology that reflect 
masculine approaches, interests, and views of the world that are distant, ob¬ 
jective and separate. 

This gender-biased or masculinized science led to several flaws or biases 
in scientific theories and results in both life sciences/medicine and physical 
sciences/technology: 

1. Exclusion of females as experimental and design subjects led to flawed 
medical research. Research protocols for large-scale studies of car¬ 
diovascular diseases failed to assess gender differences. Women were 
excluded from clinical trials of drugs because of fear of litigation from 
possible teratogenic effects on fetuses. 

Dominance of men in engineering and the creative design sectors 
may result in similar bias, especially in technology design and user 
bias. The air bag fiasco suffered by the U.S. auto industry serves as an 
excellent example of gender bias reflected in design. Would women 
engineers on the design team have prevented this fiasco, recognizing 
that a bag that implicitly used the larger male body as a norm would 
be flawed when applied to smaller individuals, killing rather than pro¬ 
tecting children and small women? 

2. Androcentric bias in the choice and definition of problems to be stud¬ 
ied resulted in subjects concerning women receiving less funding and 
research. After the 1985 U.S. Public Health Service survey recom¬ 
mended that the definition of women’s health be expanded beyond 
reproductive health, in 1990, the Government Accountability Office 
(GAO) criticized the National Institutes of Health (NIH) for inadequate 
representation of women and minorities in federally funded studies. 

Having large numbers of male engineers and creators of technolo¬ 
gies also often results in technologies that are useful from only a male 
perspective (i.e., these technologies fail to address important issues 
for women users). In addition to the military origins for the devel¬ 
opment and funding of much technology that makes its civilian ap- 
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plication less useful for women’s lives, men designing technology for 
the home frequently focus on issues less important to women users. 

3. Androcentric bias in the formulation of scientific theories and meth¬ 
ods resulted in those that coincide with the male experience of the 
world becoming the “objective” theories that define the interpretation 
of scientific data and use of technology. Excessive focus on male re¬ 
search subjects and definition of cardiovascular diseases as “male” 
led to underdiagnosis and undertreatment of these diseases in women. 
The male-as-norm approach in research and diagnosis, unsurprisingly, 
was translated into bias in treatments for women. Women exhibited 
higher death rates from coronary bypass surgery and angioplasty. 

In equally direct ways, androcentric bias has excluded women as users of 
technology. Military regulations often apply Military Standard 1472 of anthro¬ 
pometric data so that systems dimensions use the 95th and 5th percentile of 
male dimensions in designing weapons systems; the result is that the cockpits 
of airplanes are designed to fit the dimensions of 90 percent of male military 
recruits (Weber 1997). In the case of the Joint Primary Aircraft Training System 
(JPATS), used by both the Navy and Air Force to train its pilots, the application 
of the standard accommodated 90 percent of males but only approximately 
30 percent of females. The policy decision to increase the percentage of 
women pilots uncovered the gender bias in the cockpit design that excluded 
only 10 percent of male recruits by dimensions but 70 percent of women re¬ 
cruits. The officers initially assumed that the technology reflected the best or 
only design possible and that the goal for the percentage of women pilots 
would have to be lowered and/or the number of tall women recruits would 
have to be increased. This initial reaction, representing the worldview of men, 
changed. When political conditions reinforced the policy goal, a new cockpit 
design emerged reducing the minimum sitting height from 34 to 32.8 inches, 
thereby increasing the percentage of eligible women (Weber 1997). 

Awareness and understanding of sex/gender biases raise the fundamental 
question of how these androcentric biases in scientific methods and theories 
occur if the scientific method is objective. Are gender and all aspects of sci¬ 
ence and technology socially or culturally constructed and nonobjective? Can 
scientists and engineers be objective? More importantly, is good science ob¬ 
jective and gender free? (See also Endocrinology and Hormones; Homosex¬ 
uality; Technology; Women’s Health Movement) 
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Sue V. Rosser 


Definition of Homosexuality 

In 1869, in an anonymous pamphlet distributed in Germany advocating the 
repeal of the country’s sodomy law, the term homosexuality first appeared 
(Miller 2006). Defined in contrast to heterosexuality, homosexuality is the 
sexual orientation or attraction to individuals of the same sex. Although tech¬ 
nically, homosexuals include both men and women, the term lesbian more 
typically distinguishes women. Originally, “gay” usually meant a male homo¬ 
sexual, but more recently, both male and female homosexuals identify with 
“gay” and “queer” culture. 

Some people confuse homosexuals with transsexual or transgender indi¬ 
viduals. Transgender individuals believe that their gender identity does not 
conform with their primary and secondary sexual characteristics. For exam¬ 
ple, a biologically male body may house someone who feels like a female and 
identifies as feminine and female. Some individuals may seek transsexual sur¬ 
gery to make their external genitalia agree with their gender identity; after 
surgery, these individuals may be referred to as transsexual. Other individ¬ 
uals identify as transgender. Although they may take hormones, may dress 
to conform with their gender identification, and may even have some minor 
surgeries, they do not complete transsexual surgery to make their external 
and internal genitalia conform with their gender identity. 

Other confusion exists about distinctions among transvestites, transsexuals, 
and homosexuals. Transvestites are individuals who cross-dress or wear cloth¬ 
ing typically associated with the opposite sex/gender in a particular culture. 
For example, men who wear skirts in the 21st-century United States, unless 
they are clerics, belong to certain American Indian tribes, or are participating 
in Scottish rites, would be cross-dressing, particularly if they receive sexual 
pleasure from cross-dressing. Although most transgender and presurgery trans¬ 
sexual individuals cross-dress, their reason for doing so is to conform with their 
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gender identity. Some homosexuals, such as male drag queens, cross-dress, 
but most homosexuals are not transvestites. A significant proportion of trans¬ 
vestites are heterosexuals who receive sexual pleasure from, and enjoy, cross¬ 
dressing. 

Male homosexuality has been accepted in some cultures (Bullough 1976; 
Katz 1992) or time periods as normal, as a higher form of sexual relationship 
than male heterosexuality, or as a form of bisexuality. Since the 16th century 
in America, homosexuality has been defined in terms of deviation from the 
heterosexual male norm. In Gay American History: Lesbians and Gay Men 
in the USA, Katz (1992) delineates four periods in gay American history: ho¬ 
mosexuality defined by theologians as a sin; by legislators as a legal problem 
or crime; by medical entrepreneurs as a biological anomaly; and finally by 
psychiatrists/psychologists as a psychic disturbance. 


Emergence of Gay History 

On June 28, 1969, in Greenwich Village in New York City, what came to be 
called the Stonewall riots ushered in the birth of the gay rights movement. 
Gay American history emerged in the 1970s along with women’s history, Black 
history, and the reemergence of socialist history. Recognizing another group 
whose voices and experiences were missing from the traditional accounts of 
history, scholars of gay history revealed sexist bias and homophobia in such 
accounts. Since lesbians are often ignored by or are invisible to the rest of 
society, the volume of data documenting male homosexuality was substan¬ 
tially greater than that for lesbians. This dearth of evidence, combined with 
the fact that most individuals undertaking the first research were gay men, 
led to the initial parameters for research and theories and conclusions drawn 
from the documents to be based on the gay male experience. 

Evidence of lesbianism can be found to correspond to each of the four pe¬ 
riods defined for gay males. Although not ignored, the history of lesbians is 
again defined against a male norm—that of the male homosexual. Lesbian his¬ 
tory based on the experiences of lesbians rather than as a subdiscipline within 
women’s history or gay history remains an understudied field only now be¬ 
ginning to emerge in its own right. 

Throughout history, explanations have been sought for the causes or rea¬ 
sons for homosexuality. Because this volume focuses on myths of gender 
and scientific research, the last two periods of homosexuality Katz delin¬ 
eated—defined by medical entrepreneurs as a biological anomaly and by 
psychiatrists/psychologists as a psychic disturbance—form the centerpiece 
of this essay. 
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Search for Biological Differences 

Typically, scientists applied the dominant scientific explanation or active re¬ 
search approach of the era to study homosexuality. In the 19th century, the 
study of anatomy formed the basis for much of medical and scientific re¬ 
search. Not surprisingly, during this era, researchers looked for anatomical 
differences between the anatomy of homosexuals and “normal” or hetero¬ 
sexual individuals. The German lawyer Karl Heinrich Ulrichs, himself a homo¬ 
sexual, published a pamphlet in 1864 in which he claimed that homosexuals 
constituted a third sex: 

Ulrichs developed his theory in the wake of the belief at the time that the human 
embryo possessed both male and female sex organs, losing one as it develops 
in the uterus. He theorized that male homosexuality came about when the em¬ 
bryo shed the female sex organ, but the same change did not occur in the part 
of the brain that regulates the sex drive. (Again, the situation was reversed in 
the case of female homosexuality.) 

Ulrichs assumed that because male homosexuals had a female soul in a male 
body, they therefore possessed the personality characteristics of women. Like¬ 
wise, female homosexuals had the personality characteristics of men. According 
to him, homosexuality was not just an “inversion” in the choice of sexual object 
but an “inversion” of one’s broader gender characteristics as well. This idea did 
not originate with Ulrichs, to be sure. But his theory of the “third sex” gave these 
gender stereotypes a quasi-scientific basis, confounding sexual orientation with 
gender and confusing homosexuals with hermaphrodites. (Miller 2006, 15) 

With later scientific discoveries, these differences were documented as other 
phenomena. For example, individuals with both male and female internal 
genitalia are not homosexuals; they are hermaphrodites. Individuals with a 
“penoclitoris” or enlarged external genitalia are not homosexuals. These en¬ 
larged genitalia result from conditions such as corticoadrenohyperplasia (CAH) 
or exposure of a female fetus to testosterone in utero. In short, homosexuals 
have no known anatomical differences from heterosexuals. 

Although Ulrichs contended that homosexuality was hereditary and be¬ 
nign, in France, this genetic trait was viewed as a symptom of degeneration. 
Homosexuality, along with insanity, poverty, and alcoholism, was seen as trans¬ 
missible from one generation to the next. Initially, a Viennese professor of 
psychiatry, Richard von Krafft-Ebing, also promoted the degeneracy theory in 
his 1886 book Psychopathia Sexualis. In the 200 case studies in the book, he 
emphasized gender stereotypes in his description of homosexuals, attributing 
characteristics of the opposite sex to homosexuals and viewing this as evidence 
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of the degeneracy theory. In later works, he described “inversion” as a con¬ 
genital anomaly only and no longer promoted degeneracy. 

The British sexologist Havelock Ellis borrowed von Krafft-Ebing’s method¬ 
ology of the case study and also concurred in his belief that homosexuality 
was inherited. In contrast, Ellis did not find “gender stereotypes” with regard 
to males. However, he did continue to attribute character inversion to lesbians 
(Miller 2006). 

By the late 19th and early 20th centuries, the discovery of hormones shifted 
the focus of research on homosexuals from anatomy to a search for hormonal 
differences between homosexuals and heterosexuals. Researchers assumed 
that major hormonal differences in treatments designed to turn homosexuals 
into heterosexuals would succeed. 

Jeffrey Weeks writes that in 1898 an asylum in the U.S. state of Kansas 
reported that 48 men had been castrated; castration was used on sex of¬ 
fenders and homosexuals in Switzerland in the early years of the century and 
in the 1930s in Denmark. Hormone treatments and aversion therapies were 
later adopted (Miller 2006, 23). 

Some claims of hormonal differences between homosexuals and hetero¬ 
sexuals continue in the research literature today, especially in the areas of 
neuroscience and brain research. For example, in her 2006 book, Louann 
Brezindine states the following: 

Sexual orientation does not appear to be a matter of conscious self-labeling but 
a matter of brain wiring. Several family and twin studies provide clear evidence 
for a genetic component to both male and female sexual orientation. We know 
that prenatal exposure to an opposite-sex hormonal environment, like testos¬ 
terone in a genetically female brain, leads the nervous system and brain circuits 
to develop along more male-typical lines. This prenatal hormonal environment 
has enduring effects on behavioral trains like rough-and-tumble play and sexual 
attraction. (Brezindine 2006, 186) 

Since genes now constitute the primary level at which current biomedical 
research focuses, it is not surprising that research on homosexuality has also 
shifted to the genetic level. After announcing differences in the brain structure 
of homosexual and heterosexual men in 1991, Simon LaVay in 1996 surveyed 
the evidence for “gay genes” in Queer Science. Since then, the research has 
become more complex, with the possibility of several genes suggested as pos¬ 
sible causes for homosexuality. These gay genes, turning off and on hor¬ 
mones, are proposed to account for the brain differences: 

The female brain is only half as likely to be wired for same-sex attraction as is 
the male brain. Therefore men are twice as likely as women to be gay. Biolog- 
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ically, genetic variations and hormone exposure in both male and female 
brains are thought to lead to same-sex attraction, but the origins in women 
appear to be different than in men. Most brain studies have been done on the 
differences between gay and straight males, and only recently have studies on 
females begun to emerge. Sexual orientation in females occurs along more of 
a continuum than in males, with females reporting more bi-sexual interests. 
(Brezindine 2006, 185-186) 

Genes and their effects on behavior represent an emergent, rapidly devel¬ 
oping area of research now. As this volume goes to press, it is difficult to 
evaluate definitively the claims that a gene or several genes “cause” homo¬ 
sexuality. The 19th- and 20th-century history of anatomical and hormonal re¬ 
search suggests that caution proves wise in accepting biologically deterministic 
arguments for homosexuality. 


Search for Psychological Differences 

Just as over time the changing dominant biomedical area of active research 
became the explanation of the cause for the “biological anomaly” of homo¬ 
sexuality, the primary trend in psychology/psychiatry at a particular time be¬ 
came the accepted explanation for the “psychic disturbance of homosexuality.” 
Sexuality has traditionally been defined using a white, male, upper-middle- 
class heterosexual norm. In contrast to the situation in some other cultures 
and in previous historical periods, sexuality in late 19th- and 20th-century 
United States was defined biologically. For example, in addition to the central 
role given to procreation, Freud’s “anatomy is destiny” (1968, 18) character¬ 
ized women’s sexual development based on what women lacked compared 
to the male norm. 

Freud’s use of the single concept of penis envy to explain the development 
of sexuality, normal gender development, and neurotic conflict in women was 
repudiated quickly by female psychoanalysts of the day. Karen Horney (1933) 
challenged penis envy, ascribing femininity to female biology and awareness 
of the vagina, not disappointment over lacking a penis. Thompson suggested 
that the major sexual dilemma for women was not penis envy but acknowl¬ 
edging their own sexuality in this culture. Other women (de Beauvoir 1974) 
stated that what women envied was men’s power, not their penises. 

Freud did not ignore lesbian sexuality but subsumed it under female het¬ 
erosexuality as an immature state in which the woman failed to make the 
clitoral-to-vaginal transfer. Lesbian sexuality was defined as doubly removed 
(first as female, then as failed heterosexual) from the male heterosexual norm. 
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Psychiatrist Karen Homey, an early 
feminist, challenged much of Sig¬ 
mund Freud’s male-oriented psychol¬ 
ogy. (Bettmann/Corbis) 



By the middle of the 20th century, the American Psychological Association 
(APA) had classified homosexuality as a mental illness. Homosexuals were 
frequently institutionalized because of their illness, received electroshock, 
aversion therapy, or other treatments to cure their illness. In the early 1970s 
a group of lesbian/gay activists in New York City protested the APA’s classi¬ 
fication of lesbianism/homosexuality as a mental illness. They threw buckets 
of chicken blood on psychiatrists and psychologists attending APA meetings 
to symbolize the gay and lesbian blood that psychiatrists had on their hands. 
In April 1973, the APA decided that homosexuality by itself did not constitute 
a mental illness. In 1986, the APA removed all references to homosexuality in 
the Diagnostic and Statistical Manual of Mental Disorders (DSM)- HI-R. With 
the current research interest in the brain and neuroscience, considerable at¬ 
tention and resources in psychology focus on use of fMRI (functional magnetic 
resonance imaging) and brain scans to discern possible brain differences be¬ 
tween homosexuals and heterosexuals. 


Impact on Health 

The overemphasis on biology rather than behavior in scientific research and 
homosexuality has introduced some flaws in medical research that hurt both 
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homosexual and heterosexual men and women. For example, when the 
symptoms of the disease we now know as acquired immune deficiency syn¬ 
drome (AIDS) first appeared in this country, the categorization of the disease 
and research focused on groups of people rather than risk behaviors. Despite 
the strong evidence and history of heterosexual transmission of AIDS in 
Africa, AIDS was initially characterized in the United States as a gay male dis¬ 
ease, with subsequent inclusion of intravenous (IV) drug users and Haitian 
immigrants. Designation by group identity rather than risk behavior led to a 
large number of problems resulting in lack of funding and study of AIDS and 
its transmission and diagnosis in many populations (Shilts 1987). This led the 
general public to believe that being a homosexual, rather than engaging in 
certain risk behaviors, causes AIDS. Even today, men who have sex with other 
men but who do not identify as homosexual may underestimate their risk for 
AIDS. 

Similarly, public health campaigns to educate women about health promo¬ 
tion and disease prevention need to be oriented toward risk behaviors with 
the recognition that women have diverse sexual orientations. Public service 
announcements that encourage every woman to have an annual Pap smear or 
to be vaccinated against the human papilloma virus (HPV) causing cervical 
cancer do not focus on risk behaviors. They assume that all women engage in 
heterosexual activity and inadequately convey to the public the risk behavior 
responsible for cervical cancer, transmissible through heterosexual inter¬ 
course. These announcements repeat for public information the mistakes in 
identifying by group rather than risk behavior. 


Conclusion 

U.S. and European society from the 19th century to the present have viewed 
homosexuality as deviant from the heterosexual norm biologically and psy¬ 
chologically. Because of the emphasis on deviance, scientific research has 
focused on a search for biological or psychological differences between ho¬ 
mosexuals and heterosexuals. This biologically deterministic approach was 
pursued in the search for differences in anatomy and hormones between ho¬ 
mosexuals and heterosexuals in earlier times. Genetic and brain differences 
represent current areas of focus. The emphasis on nature over nurture in sci¬ 
entific research has introduced some problems in medical research and public 
health messages. Defining people by categories rather than behaviors con¬ 
veys false information about risk to both homosexuals and heterosexuals. (See 
also The Brain; Gender/Sex—How Conjoined; Women’s Health Movement; 
Nature/Nurture; The 19th Century) 
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Anne J. MacLachlan 


More that any other socially fabricated construct, the concept of race is deeply 
rooted in myth. The traditional meaning of myth comes from the various cre¬ 
ation stories of groups of people who have used these stories to create a 
shared identity. The variation among creation myths is enormous, but the 
character of the myth can affect personal identity as well as that of the group. 
Myth creation is also an ongoing process so that as one group came to dom¬ 
inate another, new myths arose that legitimized the victors while often at¬ 
tempting to reconcile the vanquished by incorporating the useful parts of their 
mythology into that of the victors. Myth is also associated with social and gen¬ 
der hierarchies that typically legitimate the subordination of women. 

In the 21st-century United States, myth still plays a powerful role in group 
identity and social relationships. “Race” becomes a key means of ascribing 
a particular identity to groups of people who may share elements of a certain 
physical appearance or originate from a particular location. African Americans 
bear particularly heinous historical baggage attached to the concept of race. 
In the book of Genesis, Noah cursed his son Ham’s descendants to be slaves. 
This myth was used by various European and Arab societies to justify their 
enslavement of Africans (Goldenberg 2005). While this direct connection to the 
Old Testament is not necessarily made today, the legacy of this pejorative 
view survives in ongoing discrimination against African Americans, who con¬ 
tinue to be viewed by Whites and many Asians as mentally inferior, decadent, 
and criminal. These prejudices affect the daily life experiences of African Amer¬ 
icans and members of other groups such as Latinos, Native Americans, South 
East Indians, and Arabs, whose brown skin or other physical attributes set 
them apart from White Europeans. Consequently, no matter how distin¬ 
guished intellectually and socially an individual is, the impact of race in daily 
life is captured in this recent quote by an African American scientist about 
his experience in graduate school: “Your ethnicity is from society, it affects 
virtually all your experiences. It is part of American society, it is part of the 
consciousness of Americans. It influences the nature of your experience in 
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graduate school, how you are perceived. It is impossible for me to separate 
this from graduate education” (MacLachlan 2004, 1). 

While “ethnicity” is more commonly used today as a surrogate for race, its 
use has not reduced the mythical and historical prejudices embodied in racial 
concepts. “Race” certainly is not an easy concept. Scientific research has been 
used since the advent of the “modern” approach to observation of natural 
phenomena in the 18th century to “prove” the inferiority of the “Negro races.” 
One scientific researcher, Samuel George Morton, a Philadelphia physician, 
collected over 600 skulls in the first half of the 19th century for the purpose 
of measuring cranial capacity to settle the discussion about the intelligence 
of people belonging to different racial groups. His work made him famous 
because he had “finally presented a large body of objective fact,” which 
proved the intellectual inferiority of both the Negro and the Indian. His work 
was widely hailed as definitive, and his tables were reprinted throughout the 
19th century to serve as a “lynchpin in anthropometric arguments about hu¬ 
man racial differences” (Gould 1978, 504). All Morton’s published data were 
later reevaluated by Stephen Jay Gould in the 1970s. Gould found that, far 
from acting as an unbiased observer, Morton made pejorative remarks about 
the groups in his study, failed to distinguish between male and female skulls, 
used faulty methods of measurement, and demonstrated a tendency to round 
his data upward for Caucasians and downward for all others. In short, Gould 
found “that [Morton’s data] are a patchwork of assumption and finagling, con¬ 
trolled, probably unconsciously, by his conventional a priori ranking (his folks 
on top, slaves on the bottom)” (Gould 1978, 504). 

Race continues to be contentious, and scientifically based arguments are 
still used to attempt to justify racial differences. Much of the scientific commu¬ 
nity today agrees that “race” has no particular biological basis, even though 
groups with a long history of interbreeding may have developed particular 
inheritable diseases such as Tay Sachs or sickle cell anemia. Yet the concept of 
race is still employed in medicine largely because differences in income have 
created enormous disparities among those who have access to good medical 
care, and consequently good health, and those who do not. “Race,” however, 
is a social reality in which individuals descended from African slaves in the 
United States are mistreated as a result of their appearance and suffer higher 
rates of heart disease, high blood pressure, and often shorter life spans than 
members of other groups. The prejudices against African Americans and the 
discrimination they face in employment, housing, and the criminal justice sys¬ 
tem ensure that the tension this engenders takes a heavy toll on their health. 
Troy Duster characterizes this as an aspect of “very complex interactive feed¬ 
back loops between biology and culture and social stratification” (Duster 2003, 
258). His concern is that race as a concept will again be reified in this new 
paradigm. 
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Another social construction, gender, like race, fluctuates over time and across 
different cultures. With gender, the creation myth also significantly influences 
the allocation of roles to women and girls as a means of maintaining patri¬ 
archy. After all, it was Eve who was susceptible to the persuasions of the 
serpent and so, through her weakness, precipitated the fall from grace of hu¬ 
mans and their banishment from the garden of Eden. Interpreted through 
centuries of Judeo-Christian theology, the appropriate gender role for women 
is as mother and keeper of the hearth. This traditional view casts women as 
weak, incapable of leadership, and unable to master intellectual complexity. 
Simultaneously, women are also viewed as sexual objects, temptresses, corrupt 
—as modern Jezebels. This myth, mixed with the legal codification of male 
power monopolies in politics, higher education, religion, and within families, 
has left a powerful inheritance of negative views about women and their 
capacities throughout the 20th century. Today, complex forms of bias and 
discrimination undermine women’s full participation in many aspects of life, 
including the practice of science. 

Because of patriarchy in the 21st-century United States, men need to sanc¬ 
tion the fact that discrimination against women exists for action to be taken 
against discrimination. In 1999, the president of MIT, Charles Vest, recognized 
the bias and discrimination against women scientists when shown the actual 
differences in salary, research assistance, promotion rates, and allocated lab 
space between men and women. Vest remarked: “I have always believed that 
contemporary gender discrimination within universities is part reality and part 
perception. True, but now I understand that reality is by far the greater part of 
the balance” (MIT 1999, 2). Subsequently, the National Academies published 
a report on women in 2006 that discussed discrimination against women in 
every field of science and engineering. Environments that favor men were 
blamed along with continuous questioning of women’s abilities and commit¬ 
ment to an academic career, in a system that claims to reward based on merit, 
but instead rewards traits such as assertiveness that are socially less accept¬ 
able for women to possess (NAS 2006, 3-4). 

When issues of race and gender coincide in the person of a woman of 
color, multiple forms of bias work to keep her from pursuing a scientific ca¬ 
reer. Although girls of color are enrolling and graduating from college with 
bachelor’s and master’s degrees in substantial excess of boys, at the Ph.D. 
level more men of color than women earn doctorates. In 2004, only 171 African 
American, Native American, and Chicana women earned doctorates in natural 
and physical sciences compared to a total of 9,015 for all U.S. citizens (NSF 
2006). The insidious effects of racism begin in school where students of color 
tend to be tracked into nonacademic courses. Currently, segregation in 
schools is largely de facto, with pupils of color generally steered into less- 
well-equipped and staffed schools. Once a woman of color has survived this 
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system to receive a Ph.D., she emerges as a disciplined, dedicated scientist who 
probably has drawn on many personal resources such as family, friends, re¬ 
ligion, and a passion for science. Having mastered so much, she often faces a 
further trial in securing either a postdoctoral position or scientific employment. 

The climate for women and persons of color in a scientific work environ¬ 
ment is heavily shaped by inherited beliefs about the objective nature of sci¬ 
entific research and the impartiality of scientists in reporting what they find. 
The idea of impartiality derives from the beginning of inductive scientific 
reasoning and its elaboration during the 18th century. Max Weber further pop¬ 
ularized the idea with his theory of objectivity and value-free observation at 
the beginning of the 20th century, while Thomas Merton elaborated the idea 
for natural and physical sciences during the 1950s. Although contested, these 
ideas about science still hold some sway in the minds of both male and female 
scientists. The effect of these ideas, which have acquired almost mythic status, 
is that women encounter the behaviors described in the recent National Acad¬ 
emies of Sciences report (NAS 2006) while many in the scientific environment 
deny they exist. Moreover, implicit belief in objectivity can substantially cor¬ 
rupt the scientific method when, as graphically illustrated in Morton’s re¬ 
search on race, choice of problem, choice of method, and understanding of 
observations is shaped by bias. More subtly, preconceived ideas about ca¬ 
pacity in connection with scientists of color or women scientists lead to un¬ 
dervaluing the accomplishments of members of both groups. Again this has 
been illustrated by studies of journal submissions. When blind reviewing was 
instituted, the number of accepted articles written by women increased sig¬ 
nificantly. The full impact of such beliefs results in qualified scientists of color 
and women not receiving prestigious academic or other scientific positions 
at the same rate as White men and not obtaining promotions as quickly or at 
all. Women’s salaries also tend to lag substantially behind those of men. 

A further consequence of this belief in the objectivity of the scientific 
method, when combined with pejorative ideas about women and persons of 
color, makes change difficult. If scientists consider themselves to be objective 
and are skeptical of social science research that demonstrates bias and prej¬ 
udice in the scientific enterprise, change becomes even more difficult. The strat¬ 
ification ramifications of “race” seen everywhere in American society—from 
Mexican American gardeners and maids to the high proportion of African 
American youth in jail—reinforce old beliefs about intelligence and criminal¬ 
ity and the general inferiority of non-White peoples. The social position of 
people of color resulting from racist discrimination has created a dynamic 
that tends to reinforce White ideas about race while supporting the social 
manifestation of discrimination. Breaking this dynamic requires moving be¬ 
yond inherited mythical thinking to view each individual person as a member 
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of humanity. (See also The Brain; Discrimination; The 19th Century; Race, 
Postcolonial Gender, and Science) 
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Nature/Nurture 


Muriel Lederman 


The nature/nurture debate concerns the relative contributions to a person’s 
characteristics of inherent traits and forces in the environment. Currently in 
the West, and especially germane to the subject of this volume, this debate 
can play out in discussions of the influences that determine the achievement 
of women and certain ethnic minorities in science, especially when success 
is defined as high status in academia. 

In this framework, the mental abilities and activities of those who are in¬ 
volved in science or might want to become scientists are central. This primacy 
of cognition can be traced back through the centuries to the Cartesian duality 
of the supremacy of mind over body. During the Scientific Revolution, nature 
was associated with women and framed as a particular, abstract machine. This 
worldview separated humans from the objects of their investigation, used me¬ 
chanical procedures for study, and used the knowledge thus gained to exploit 
nature for man’s advantage (Shapin 1996). It is the ability to engage in the 
socially constructed descendant of this method for investigation, and solely 
in these procedures, that has value in the scientific arena. 

Measurement of cognitive ability has been attempted for centuries with the 
goal of developing a unitary, linear, hierarchical scale on which an individual’s 
ranking will denote mental prowess. Over time, the basis for the scale has 
changed, from physical measurements to the scores on specially designed tests 
and most recently to biological activities measured by sophisticated medical 
instruments. In no case is the scale “objective”; its developer has the luxury to 
decide the factors on which the scale is based. Because White males have been 
the predominant group with access to the “science” of the day, the parameters 
on which the scales are based and the resulting hierarchical ranking rein¬ 
forces the position of those who created the instrument. The correctness of 
the results is vouched for by the community of researchers and accepted by 
the society at large because of the high status accruing to scientific work. 

In the 18th and 19th centuries, there were many demonstrations of the su¬ 
premacy of the mental powers of Whites and males. These were based on the 
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characteristics of body structures, assuming that the larger the physical pa¬ 
rameter, the greater the intelligence. These results agreed with the social con¬ 
ventions of the times and the locations in which these demonstrations took 
place. In America in the late 1700s, even abolitionists did not believe in the 
mental equality of African Americans. The most prominent naturalist in the 
United States in the mid-1800s, Louis Agassiz at Harvard, thought that African 
Americans were descended from a different (biblical) Adam than Whites. In 
this same period, Samuel George Morton, a Philadelphia physician, measured 
the cranial cavities of various races by filling these openings with BB shot; he 
concluded that the size of these spaces was greater in Whites than in Indians 
and greater in Indians than in African Americans, thereby establishing a hi¬ 
erarchy for these races. Stephen Jay Gould (1996) reexamined his data and 
concluded that the results were colored by shifting criteria, subjectivity di¬ 
rected toward prior prejudice, procedural miscalculations, and convenient 
omissions. Paul Broca, a French anthropologist, also believed the volume of 
the brain was directly correlated with intelligence. He noted the small size 
of the female brain, even when corrected for body size, and concluded that 
this fact “depends on her physical inferiority and in part upon her intellectual 
inferiority” (Gould 1996, 136). 

Even though the fallacies in these approaches were exposed, contempo¬ 
rary procedures that analyze the fine structure of the brain or measure brain 
activity, functional magnetic resonance imaging studies (fMRI), are their de¬ 
scendants. Differences between men and women are found; females have 
more left-brain language and emotion processing while males have greater 
right-brain visual-spatial activity, correlating with social sex-role expectations. 
These studies reduce high-level functions to a single measure and are the ba¬ 
sis for reinforcing old dichotomies. Such correlations become the platform for 
seeking a genetic basis for brain structure/function (Geschwind et al. 2002). 

Testing to determine cognitive function began in the early 1900s. At the 
request of the French government, Alfred Binet developed a set of tests de¬ 
signed to identify students whose classroom performance indicated that they 
could benefit from intervention. These tests had multiple components and 
were administered by a trained individual. The score was the age associated 
with the most complex tasks the child was able to perform, but Binet was aware 
that his scale did not really measure “intelligence” and feared its use would 
stigmatize students rather than aid them. 

There was no such sensitivity when the test came into use in the United 
States. Based on the single test that evolved, the score became an indicator 
of intelligence, converting intelligence into a material entity seen as heritable 
and fixed. 

Lewis Terman changed Binet’s test into the written Stanford-Binet test, which 
became the gold standard for such measures. It was adopted by the United 
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Students take the Scholastic Aptitude Test, 1953■ (Genevieve Naylor/Corbis) 


States Army to test recruits during World War I; although the resulting data 
set of the scores of almost 2 million individuals was not of any great benefit 
to the war effort, it solidified the reputation of psychological testing. At the 
behest of James Bryant Conant, president of Harvard, the Stanford-Binet test 
changed yet again into the Scholastic Aptitude Test (Lemann 1999) used by 
Harvard to democratize its student body by offering full scholarships to 
public school students who scored well on this measure. Women were not 
to benefit, since they were not admitted to Harvard and the program did not 
extend to its sister school, Radcliffe College. 

The use of the test became more widespread in part because of the tech¬ 
nological advance that allowed the answer sheet to be scored by machine 
and kept separate from the question booklet. Over time, instead of a measure 
designed to foster diversity, the SAT became used as the gatekeeper for a 
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meritocracy based on a socially constructed and socially validated instrument. 
Correlating the scores of SAT, and the IQ test, with various physical traits, 
such as race, gender, or ethnic origin, became common, leading to a form 
of biological determinism—that intelligence is fixed and unchangeable. This 
viewpoint ignores both the social situation of the tests, that is, that the writers 
introduce a set of unacknowledged biases, and the social situation of the test- 
takers, some of whom have had less exposure to activities that the test val¬ 
ues. 

One of the most controversial claims based on IQ test scores was made in 
The Bell Curve, by Herrnstein and Murray (1984). The higher IQs of White 
Americans compared to Black Americans were alleged to be inborn, hered¬ 
itary, and unchanging. It is clear that these assertions are inherently political, 
given the subtitle of the book, “The Reshaping of American Life by Differ¬ 
ences in Intelligence,” implying that those with lower IQ are inevitably des¬ 
tined for a lower social status and that social intervention will not change this 
fate. This assessment is confirmed by studies of the IQs of identical twins 
reared apart (Bouchard et al. 1990). The results of these studies suggest that 
about 70 percent of the variance in IQ is genetic, with small effects of envi¬ 
ronmental factors. These individuals are thought to be so psychologically 
similar because of their genes that they fashion very similar environments for 
themselves, even when reared apart. These results imply that social interven¬ 
tion to increase achievement would be fruitless, but this conclusion may be 
based on the false premise that class does not contribute to IQ. Turkheimer 
et al. (2003) find that “in impoverished families, 60 percent of the variance in 
IQ is accounted for by the shared environment, and the contribution of genes 
is close to zero; in affluent families, the result is almost exactly the reverse” 
(623). 

In 1980, Benbow and Stanley published a brief report in the journal Science 
with the provocative title “Sex Differences in Mathematical Ability: Fact or Ar¬ 
tifact?” analyzing the scores of seventh and eighth graders at the Study of 
Mathematically Precocious Youth at Johns Hopkins University who took the 
SAT test. These students were selected, in part, because they likely had “es¬ 
sentially identical formal instruction in mathematics.” Based on these results— 
showing that boys, on average, had higher scores than girls and that a larger 
percentage of boys than girls scored over 600 (on a scale of 800)—the authors 
concluded differential course taking is not likely to account for the differ¬ 
ences, nor are the differences caused by the fact that the most able girls chose 
not to participate in the program. They concluded that males have inherently 
superior mathematical reasoning ability, perhaps related to superior ability in 
spatial tasks, and that unspecified environmental influences do not affect in¬ 
herent ability. Research studies such as these naturalize the heritability of 
scores on standardized tests, reinforcing the immutable consequences of 
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their results, discounting both negative and positive environmental influences. 
In contrast, recent critiques of the SAT suggest it may not measure ability for 
college work, leading some high-profile colleges to stop requiring it for ad¬ 
mission consideration. 

Negative forces affect the achievement of women and girls in science, 
mathematics, engineering, and technology (SMET). Some are pervasive in the 
culture, such as parents encouraging girls to play with dolls and boys with 
trucks, or fathers teaching male children but not female children how to use 
tools. Industry reinforces this dichotomy by developing and marketing a Bar¬ 
bie doll that says “math is hard.” Unconscious activities of elementary school 
teachers may negatively impact girls’ interest in science and mathematics. 
Girls with upraised hands were passed over (Sadker and Sadker 1994) when 
an answer was requested; teachers solved problems for girls instead of en¬ 
couraging them to work for themselves and made overtly sexist remarks. These 
biases persist well into college, especially in engineering and computer science 
programs. 

In spite of such barriers, women’s achievement in these arenas is equal to 
or greater than that of males during their education. Hyde and Linn’s (2006) 
meta-analysis of gender differences in mathematics performance shows little 
difference between the sexes, and women earn 48 percent of the bachelor’s 
degrees in mathematics in the United States. The National Academy of Sciences 
of the United States has addressed women’s abilities and success in the acad¬ 
emy, concluding that there are no significant biological differences between 
the sexes that could account for women’s lower numbers in faculty and lead¬ 
ership positions in SMET. Instead, bias, both conscious and unconscious, are 
contributing factors, as are institutional structures, such as timetables for ad¬ 
vancement, which negatively affect women (National Academics Press 2006). 

Unfortunately, the discussion of nature versus nurture has not advanced 
much in three centuries. As in the past, the desire to maintain or gain positions 
of power and prestige taints the research, in fields such as science and tech¬ 
nology, defined by society as essential to its economic and geopolitical su¬ 
premacy. (See also The Brain; Cognitive Abilities; Mathematics; Race, 
Postcolonial Gender, and Science) 
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Women’s Education 

Amy Bix 


Evolution of the American educational system has been shaped in multiple 
ways by concepts of appropriate gender roles and the value of different types 
of learning. In colonial America, while some schools offered boys and girls 
the same coursework, other teaching both reflected and reinforced gender 
divisions (Nash 2005). Some towns limited girls’ training to basic reading and 
arithmetic, assuming that academics would prove less valuable to women 
than domestic skills such as sewing. Even as public high schools began to 
open over subsequent decades, they similarly focused the education of girls 
on cultivating them to become good wives and mothers. Poverty and race 
also determined girls’ educational access. And although laws in some parts 
of the South banned teaching slaves to read and write, some owners culti¬ 
vated slaves’ literacy to enhance their usefulness or enable them to read the 
Bible. 

The post-Revolutionary era provided new justification for educating Amer¬ 
ican women by emphasizing women’s responsibility for instilling patriotic 
duty in their sons and shaping their daughters’ character to become good 
mothers of future citizens. This principle of “republican motherhood” made 
girls’ education less threatening by tying it to maternal influence, the “separate 
sphere” of the household, and national independence. Reformers such as Ju¬ 
dith Sargent Murray argued that girls’ intellectual capacity should be nurtured 
rather than smothered, as a way of giving women confidence and the ability 
to contribute financially and practically to family, farm, or business success. 
Such lofty ambitions remained unreachable for many women struggling 
through a family’s immediate economic difficulties, while the ideals of repub¬ 
lican motherhood could not apply to African American or native women (Ker- 
ber 1980). 

By the early 1800s, a large number of private schools had opened, clearly 
separated by gender in both the subjects of study and the intended purpose 
of training. Many seminaries prepared boys for professions such as law or the 
ministry and hence emphasized teaching Greek and Latin. The curriculum at 
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female academies varied widely. Finishing schools stressed “ornamental” sub¬ 
jects such as needlework and etiquette to guide girls (especially from rela¬ 
tively elite families) toward a proper ladylike future. But in 1821, progressive 
teacher Emma Willard opened the influential Troy Female Academy in New 
York state (still open in 2007 as a women’s university-prep school). In arguing 
for women’s educational rights, Willard wrote a “Plan for Improving Female 
Education” that won approval from President James Monroe plus former pres¬ 
idents Thomas Jefferson and John Adams. Along with typical feminine in¬ 
struction in art and behavior, Willard’s school offered young women classes 
not even available to all college-bound boys, such as algebra, chemistry, ge¬ 
ography, history, and Greek. Within a decade, enrollment in the Troy Female 
Academy topped 300 girls. Soon other schools joined in teaching serious 
subjects to thousands of young women, especially in New England, aiming 
to make them smart wives, mothers, homemakers, and teachers. Financial 
troubles forced some academies to close after brief struggles, while the cost 
of tuition led many would-be pupils to delay or decide against attending. Yet 
other private schools thrived and soon found new justification for educating 
women. 

Expansion of settlement opened demand for more schoolteachers, as did 
a sense that literacy was important to the country’s future well-being. Women 
educated to at least certain levels found opportunity for employment as 
teachers (in part because female teachers could be hired for half a man’s pay). 
Some estimates suggest that as many as one out of every five American-born 
White women in Massachusetts by the 1850s would have taught school—not 
usually as a permanent career but at some point in her life. While critics wor¬ 
ried whether youthful female instructors could control wild teenage boys, 
teaching was generally considered acceptable as extending a mother’s nur¬ 
turing instincts. Prominent educational reformer Catharine Beecher, who had 
co-founded the Hartford Female Seminary in Connecticut in 1823, empha¬ 
sized that by becoming excellent teachers, women could turn their feminine 
virtues and moral guidance into valuable service to society. Beecher helped 
recruit women to teach in frontier schools and supported establishment of 
teachers’ colleges in several midwestern states. Over the years, female teachers 
across the United States wrote new textbooks, promoted classroom innova¬ 
tions, and worked to earn professional respect. 

Racial bias continued to limit educational access for young African Amer¬ 
ican women. During the 1830s, Quaker teacher Prudence Crandall upset her 
Connecticut neighbors by operating an integrated girls’ school. The state then 
passed a law forbidding the teaching of Blacks from other states. Crandall was 
put on trial for violating that law, and vandalism and harassment forced her 
to shut her academy. 
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Educational conditions during the 19th century varied widely between city 
and frontier, by class, and between regions. Around the country, pockets of 
illiteracy remained among segments of the population. Without universally en¬ 
forced laws for compulsory attendance, high school graduation rates remained 
relatively low before 1900. In the post-Civil War South, both northern reform¬ 
ers and freed slaves started hundreds of schools for African American boys 
and girls, but their effectiveness was hampered by poverty, racial tensions, 
and shortages of teachers. One notable triumph came from Mary McLeod 
Bethune, daughter of former slaves, who in 1904 founded a Daytona, Florida, 
school that soon attracted 250 young Black women. Thanks to her energetic 
fund-raising and devotion, the school Bethune headed for about 20 years 
thrived, later merging with a Black men’s school to remain in existence today 
as Bethune-Cookman University. For Native Americans, government policy 
separated girls and boys from their communities, traditions, and tribal knowl¬ 
edge, forcing them to attend boarding schools aimed at assimilation. 


Higher Education in Land-Grant Institutions 

One of women’s first sustained opportunities to pursue substantial degrees 
beyond high school occurred with the opening of Oberlin as a coeducational 
college; it issued its first women’s degrees in 1842. The principle of coedu¬ 
cation was adopted by the 1860s and 1870s, not by private Eastern universities 
such as Princeton, Yale, and Flarvard, but by state universities, especially in 
Iowa, Wisconsin, Michigan, and other midwestern areas, along with Maine 
and Cornell (Solomon 1986). 

To take one example, Iowa State College admitted women from the be¬ 
ginning in 1869. After studying the record of Oberlin and a handful of other 
coeducational colleges, the board of trustees concluded, “If young men are 
to be educated to fit them for successful, intelligent and practical farmers and 
mechanics, is it not as essential that young women should be educated to 
properly understand and discharge their duties as wives of farmers and me¬ 
chanics?” (Eppright and Ferguson 1971, 4). 

President Adonijah Welch argued that Iowa State would do a service to 
both women and the nation by helping future mothers build “a wide and 
cultivated intelligence” suited for running a “well-regulated household” and 
raising new generations of good citizens. Welch discounted any fears that “en¬ 
larged intelligence will divert women’s attention from domestic life,” saying, 
“Beyond question these are the employments to which her sympathies nat¬ 
urally and usually point. Among her increased facilities for scientific instruction 
should stand prominent the study of domestic economy.” Furthermore, college 
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should prepare women to be self-supporting if necessary and “engage in 
many suitable employments on a footing equal with man,” Welch declared, 
“because all the faculties of the human mind have, without respect to gender, 
a natural, unquestionable right to development” (Eppright and Ferguson 
1971, 8-9). 

President Welch’s wife Mary took up the task of creating the new “ladies’ 
course of study” and spent several months in England and at New York’s 
School of Cooking to prepare her course on Domestic Economy. She taught 
students to cook systematically vegetables, meat, and other plain dishes. Crit¬ 
icizing recipes calling for a “pinch of salt,” Welch wrote, “A recipe, to be good 
for anything, should be as definite as a mathematical statement. The same 
quantities put together in the same proportions should always produce the 
same results. Guessing is of no more value in cooking than in science” (Ep¬ 
pright and Ferguson 1971, 34). Women also took lessons blending theory and 
manual skill in other practical household management chores, including care 
of children and the sick. In “scrub lab,” students practiced ironing one man’s 
shirt per week. But their training was increasingly based on science; by 1904, 
all female students were required to take two years of chemistry, one year of 
physics, and one of math. By the 20th century, home economics majors were 
trained not only to become housewives but also institutional cooking experts, 
administrators or sales agents with food companies, specialists in develop¬ 
ment of household technology, household-column journalists, and extension 
teachers (Stage and Vincenti 1997). 


The Seven Sisters and Other Women’s Colleges 

While the growing field of “domestic science” created many opportunities for 
women’s higher education, a separate important trend arose from the creation 
of all-women’s schools, especially the Seven Sisters (Barnard, Bryn Mawr, 
Mount Holyoke, Radcliffe, Smith, Vassar, and Wellesley) (Horowitz 1984). In 
1837, Mary Lyon established Mount Holyoke in South Hadley, Massachusetts, 
primarily as preparation for New England schoolteachers. The three-year 
education plan covered both humanities (English, French, religion and phi¬ 
losophy, geography, history) and sciences (biology, chemistry, math). Holy¬ 
oke culture emphasized a special connection between students and teachers, 
intended to reassure parents and potential critics by echoing the mother- 
daughter link. Holyoke attracted serious, mature women, offering them in¬ 
tellectual discipline and personal growth. 

In I860, Matthew Vassar created the first endowed women’s college, sup¬ 
ported by more money than Holyoke for the library and instructional equip- 
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ment, including a medical lecture room, geological collections, and its own 
astronomical observatory. Vassar hired for its faculty Maria Mitchell, famous 
for discovering a new comet and the first woman elected to the American 
Academy of Arts and Sciences. Mitchell maintained that Vassar produced “the 
best educated women in the world” and said that if anything, women had 
the potential to be better than men in astronomy because “the perceptive fac¬ 
ulties of women are more acute than those of men. Women would perceive 
the size, form and color of an object more readily and would catch an im¬ 
pression more quickly. The training of girls (bad as it is) leads them to de¬ 
velop these faculties. The fine needlework and the embroidery teach them 
to measure small spaces. The same delicacy of eye and touch is needed to 
bisect the image of a star as to piece delicate muslin. The small finders too 
come into play with a better adaptation to delicate micrometer screws” (au¬ 
thor’s class notes, Iowa State University 2005). Mitchell encouraged students 
to pursue interests in science and personally trained practically the entire next 
generation of America’s first female astronomers. 

Vassar intended “to build and endow a College for young women which 
shall be to them what Yale and Harvard are to young men.” Such a statement 
alarmed critics who worried about education “unsexing” women. One called 
for caution, “lest by too close an imitation of studies of ordinary colleges, we 
should impair womanliness in our students and encourage the formation of 
those mannish tastes and manners which are so disgusting to every right mind.” 
Such criticism would continue (Horowitz 1984, 29). 

In 1875, Wellesley became the first school to boast from the start female 
presidents, women trustees, and an all-female faculty. Founder Henry Durant 
saw female teachers as agents of national reformation and asked, “What would 
Massachusetts be if our 9000 women teachers were all of them educated 
Christians? . . . We revolt against the slavery in which women are held by the 
customs of society—the broken health, the aimless lives, the subordinate po¬ 
sition, the helpless dependence, and shams of so-called education. The higher 
education of women is the cry of the oppressed slave, the assertion of ab¬ 
solute equality, the war of Christ” (Horowitz 1984, 44). 

That same year, Sophie Smith created her college, aiming “to furnish for 
my own sex means and facilities for education equal to those which are af¬ 
forded now to young men. It is not my design to render my sex any the less 
feminine, but to develop as fully as may be the powers of womanhood and 
furnish women with means of usefulness, happiness and honor now withheld 
from them.” The idea was to move women ahead socially, economically, po¬ 
litically, and intellectually while protecting conventional femininity. “It is to 
preserve her womanliness that this College has been founded. . . . More time 
will be devoted than in other colleges to aesthetical study, to the arts of draw- 
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ing and the acquisition of musical skill. . . . What if the same forces which 
develop all that is most manly in one sex repress and dwarf all that is most 
womanly in the other?” (Horowitz 1984, 70, 73). 

Women’s education reached a new peak in 1885 with the founding of Bryn 
Mawr, where president M. Carey Thomas (herself forced to travel to Europe 
to obtain her Ph.D.) imported the best ideas of German higher education and 
opened graduate training for women. Bryn Mawr emphasized ambitious schol¬ 
arship, with a commitment to innovative modern education. 

The final two of the Seven Sisters, Radcliffe (1878) and Barnard (1889), 
started as the women’s annexes to Harvard and Columbia, respectively. There 
was no chance of the main institutions admitting women, but teaching by some 
of the same professors allowed nearby women some access to learning. 

A significant number of other small but often influential women’s colleges 
opened over subsequent decades, especially in Catholic communities or af¬ 
filiated with Protestant churches. Segregated female collegiate institutes spread 
rapidly in the South, where gender-role traditionalism reinforced single-sex 
education. African American women could attend separate historically black 
coeducational schools, along with some all-women’s colleges, such as Spel- 
man College (1881) in Atlanta. 

By 1891, there were over 10,000 American women in college (both coed¬ 
ucational schools and all-women’s institutions), over one third of all students 
enrolled. In 1881, the first generations of female graduates formed a new or¬ 
ganization, the Association of Collegiate Alumnae (ACA), to counter their feel¬ 
ings of isolation. These women had defied traditional definitions of femininity 
(and often defied their parents and friends) by going to college, but they sub¬ 
sequently discovered few ways outside the home in which such equipment 
of knowledge might be utilized to advantage. The ACA intended to expand 
opportunities for women college graduates, especially for work in areas of 
social reform. This valuable network, renamed the American Association of 
University Women (AAUW), continued to pursue issues of educational equity 
into the 21st century. 


Impact of Education on Health 

Yet concern persisted for years about whether it was appropriate for women 
to attend college. During the 1870s, Harvard doctor Edward Clarke in par¬ 
ticular warned that too much concentrated study risked ruining women’s 
health. Nineteenth-century physicians defined women’s nature in terms of 
their reproductive capacity and considered menstruation an especially stress¬ 
ful episode. Analogies compared the body to an economic system with lim¬ 
ited resources. Clarke feared that women who tried to compete with men in 
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devoting equal energy to mental work would drain sustaining energy away 
from their reproductive organs. Clarke declared that he had seen women col¬ 
lapse and even die from too much mental strain (especially during the crucial 
period each month) or at least ruin their chances of becoming a good wife and 
mother. One gynecologist wrote in 1901 that a woman “may be highly cul¬ 
tured and accomplished . . . but her future husband will discover too late that 
he has married a large outfit of headaches [and] backaches . . . instead of a 
woman fitted to take up the duties of life” (Smith-Rosenberg and Rosenberg 
1973, 332-356). Researchers noted with some accuracy that female graduates 
had lower rates of marriage and childbirth than non-college-attending 
women, a concern exacerbated by the eugenics movement. One psychologist 
warned, “Colleges may come to be training stations for the sterile woman— 
aunt, maiden, nun, schoolteacher or unmarried woman” (Smith-Rosenberg and 
Rosenberg 1973). 

To defend their mission, women’s colleges and the ACA conducted research 
to prove that college women retained good or excellent health (Verbrugge 
1988). Women’s colleges built large gymnasiums and taught students about 
proper nutrition, sleep, and dress. A Wellesley graduate described her class 
as “women who will make the next generation strong, who are strong them¬ 
selves and able to cope with the struggles of the workaday world” (Verbrugge 
1988, 145). Women’s colleges soon began fielding basketball, baseball, and 
rowing teams and encouraging bicycling, golf, and other extracurriculars, 
saying that sports “develop a young girl’s character while she develops her 
muscles” (Verbrugge 1988, 145). Yet muscles were precisely what critics did 
not want; too much competitiveness risked making women aggressive and un¬ 
feminine. Female sports advocates emphasized moderation and even changed 
the rules of basketball to minimize dribbling, movement, and ball-stealing. 


20th-Century American Women’s Education 

The early decades of the 20th century brought some significant landmarks in 
women’s education, including greater access to medical, legal, and other pro¬ 
fessional training (though discrimination in treatment of female students in 
the classroom and barriers to employment remained). Higher education for 
American women became increasingly common, though lack of inclusion 
for poor or minority women remained a problem. 

During the years following World War II, social trends favoring the con¬ 
ventional domestic ideal discouraged career ambitions in many women, and 
those who married and started families at younger average ages frequently de¬ 
layed or discontinued higher education (Eisenmann 2006). The 1954 Supreme 
Court ruling in Brown v. Board of Education of Topeka, declaring separate 
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schools inherently unequal, set the stage for integration efforts and protests 
as African American girls and boys sought to attend Little Rock, Arkansas’s 
Central High School and other previously White institutions. After attorney 
Thurgood Marshall won a legal battle to stop the University of Alabama from 
turning away Black students, Autherine Lucy enrolled in 1956, only to be ex¬ 
pelled three days later for her own safety after threats from rioters. 

Starting in the 1960s and 1970s, the feminist movement focused new atten¬ 
tion on issues in women’s education, including sexual harassment on campus 
and continued inequities in professional opportunities. As a sign of changing 
times, most universities that had remained at least partially male-only, such 
as Harvard, Princeton, and California Institute of Technology, adopted co¬ 
education during those decades. Not coincidentally, many women’s colleges 
experienced crises of declining enrollment during the late 20th century, forc¬ 
ing some to admit men; those that escaped closing fought to redefine their 
social relevance. 

New education amendments passed in 1972 included Title IX, a section 
declaring it illegal to discriminate on the basis of sex in any educational pro¬ 
grams or activities receiving federal aid. Over subsequent decades, the aspect 
of Title IX law that drew the most public attention was the issue of young 
women’s access to athletic opportunities. Subsequent years brought dramatic 
increases in the number of girls participating in school sports, with tangible 
benefits for their physical, social, and mental development. Yet problems 
with enforcement remained, as did controversial accusations that diverting 
resources to women’s teams had forced men’s swimming, gymnastics, and 
wrestling teams to shut down. 

Beyond athletics, Title IX covered other forms of educational gender dis¬ 
crimination, including classroom treatment. In 1992, the AAUW issued a report 
titled How Schools Shortchange Girls that accused American school systems 
of ignoring female gender inequities, such as factors discouraging girls from 
pursuing math and science (AAUW Educational Foundation 1995). Govern¬ 
ment agencies such as the National Science Foundation focused attention and 
resources on creating programs to support and mentor female scientists and 
engineers, as did many schools and professional organizations. Yet in 2005, 
then-Harvard president Lawrence Summers downplayed discrimination against 
women in science and engineering, indicating their underrepresentation 
might instead be linked to their comparative lack of ability or interest. Those 
comments spurred a public firestorm contributing to Summers’s decision to 
resign and Harvard’s subsequent selection of its first female president, histo¬ 
rian Drew Gilpin Faust. 

By 1990, women comprised 55 percent of American undergraduates and 
earned 37 percent of all doctoral degrees. (See also Women’s Health Move¬ 
ment; Universities) 
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Motherhood 


Laurel Tweed 


Motherhood is a concern linked to nearly every feminist issue due to the 
biological capacity of women to give birth to children and the patriarchal 
construction of women as naturally inclined to nurturance and caregiving. 
Feminist viewpoints on motherhood are incredibly variable, some rejecting 
motherhood as the single basis of women’s oppression, others embracing it 
as an important aspect of women’s lives that can be personally enriching and 
a valuable source of power for women. Motherhood is defined in several dif¬ 
ferent ways. There is traditional motherhood as we normally think of it; one 
can give birth to a child as a biological mother. Feminism, with the help of 
modern technology and social science, has broadened this definition to in¬ 
clude women who carry a pregnancy for another woman as gestational moth¬ 
ers and those who do the work of mothering with or without any biological 
connection to a child as adoptive, step-, foster, or grandmothers. In many 
ways motherhood has been separated from reproduction in feminist thought; 
therefore, this treatment will consider motherhood as it is practiced rather than 
as it is produced. There are many different ways of performing motherhood, 
which historically has been used as a benchmark against which women’s val¬ 
idation and worth have been measured. As a result, motherhood (including the 
choice not to be a mother) overlaps with many other feminist concerns. What 
a mother is and does changes with cultural and historical contexts and often 
becomes complicated by race, class, age, and gender. 

Historically, practices of motherhood have changed a great deal. Feudal law 
in the medieval period functioned to favor male children over female chil¬ 
dren; a woman’s value, in many respects, was connected to her ability to 
deliver a male heir. Children of upper-class families were not raised at home; 
they were either fostered as children or sent away to school. For example, in 
18th-century France, the upper class sent their children to the country to be 
nursed; they were not returned home until they were ready for education 
and civilization. In cases such as this, the mother did not perform motherhood 
as we think of it, beyond giving birth. Following the major flowering of the 
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Industrial Revolution in the 19th century, motherhood changed significantly 
as fathers left the farms and fields for the industrial plants. In many cases moth¬ 
ers also had to leave home to find work to feed their families. The Victorian 
Age, which valorized traditional, sacrificial, natural motherhood, may be seen 
as a reaction to the effects of the Industrial Revolution on the family. 


The Myth of "Traditional” Motherhood 

Motherhood has long been considered the appropriate and natural role for 
women in most societies due to their biological capacity to give birth and the 
assumption that women are naturally inclined to unconditionally love and care 
for their children. Women were expected to find self-fulfillment in their role 
as a sacrificing and giving caretaker. Feminist work has attempted to demon¬ 
strate that the supposed “unconditional” love that mothers extend to children 
is not purely instinctual but dependent on many other factors. Anthropologist 
Sarah Blaffer Hrdy shows in Mother Nature (1999) that mothers throughout 
the species of the world often choose the number of offspring they have and 
their commitment to them is contingent on “ecological and historically pro¬ 
duced circumstances”—the physiological and motivational underpinnings of 
a “quintessentially pro-choice mammal” are found throughout nature (3 lb- 
317). The Western concept of “mother love” has been challenged by Elisabeth 
Badinter (1982), who claims that the existence of mothers who fail to love 
their children rules out any instinctual basis for mother love. A mother’s feel¬ 
ings about children are determined by cultural factors. 

Despite feminist attention to the cultural construction of motherhood, 
dominant trends in childcare and child rearing still focus on the mother as 
the ideal caretaker. Feminist scholars who write on motherhood in the West 
today characterize it as guided by dominant rearing practices that demand 
expert knowledge, intensive labor, and significant expense. Child rearing ad¬ 
vice by social scientists and psychologists is overwhelmingly directed toward 
mothers, with the most popular books reflecting what Sharon Hays (1996) 
calls a contradictory “ideology of intensive mothering” (57). 


Theories of Motherhood: Fundamental Authors and Texts 

Adrienne Rich and Of Woman Born: Motherhood as Experience 
and Institution 

Adrienne Rich’s Of Woman Born: Motherhood as Experience and Institution 
(1976) was the first major feminist analysis of motherhood as a cultural insti- 
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tution that held important political implications for the second wave women’s 
movement. Rich’s text incorporates personal scholarship with her analysis, 
reflecting on her own experiences with motherhood that contradicted the 
traditional representations of what a mother should be. Rich’s analysis of pa¬ 
triarchal society identified the ambiguity between motherhood as a sacred 
institution and the degradation of women in a global society produced by 
men. This fundamental text on motherhood sparked feminist interest in the 
relationships of mothers to fathers, sons, and daughters as well as a woman’s 
selfhood in relation to her role as a mother, both physically and within her 
own psyche. 


Nancy Chodorow and The Reproduction of Mothering 

Nancy Chodorow’s The Reproduction of Mothering (1978) is foundational fem¬ 
inist theory that provides an account for the social and cultural reproduction 
of the male-dominant sex-gender system. Chodorow’s work has been an in¬ 
fluential work for many feminist scholars in many different disciplines, in¬ 
cluding literary studies, philosophy, sociology, psychology, and anthropology. 
Chodorow describes how women learn from early in childhood to develop 
a sense of themselves in relationship to others, in contrast to men’s creation 
of selfhood that denies relation and connection. This psychological develop¬ 
ment explains how women are constructed socially to be mothers from the 
very moment of their birth. A mother relates to her daughter as one essentially 
like her, while sons are considered unlike the mother. Boys and girls inter¬ 
nalize this “unconscious maternal communication,” which shapes their psy¬ 
chic capacities and desires in gender-specific, culturally acceptable ways that 
reproduce patriarchal structures in societies. Chodorow’s work was one of 
the first to call for equal parenting, which would function to reverse the psy¬ 
chic structural development of children into rigid gender categories. Equal 
parenting would provide for a greater involvement of men in the lives of chil¬ 
dren, opportunities for women outside of the household, and concrete rep¬ 
resentations of gender roles that are flexible, relational, and equal. 


Sara Ruddick and Maternal Thinking 

Sara Ruddick’s Maternal Thinking (1989) is an important social and philo¬ 
sophical theory that describes how the practice of mothering children affects 
the attitudes, capacities, and values of that those who do it. Beginning with 
the assertion that all thinking arises from and is shaped by the practices in 
which one engages, Ruddick examines the practice of motherhood, defines 
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maternal work, and shows how this practice gives rise to a maternal discourse. 
The work of motherhood is guided by the demands for preservation, growth, 
and social acceptability. Mothers meet these needs with preservative love, nur- 
turance, and training. Because these demands and the ability of a mother to 
meet these demands are often in conflict, mothers must think out strategies. 
Ruddick constructs maternal discourse as a discipline; like any other discipline, 
mothers establish criteria for determining success and failure, set priorities, 
and identify virtues that the discipline requires (24). In addition, maternal prac¬ 
tice and thought is open to criticism; however, Ruddick asserts that maternal 
thought, when it has been acknowledged at all in the past, has been recog¬ 
nized by people “interested in interpreting and controlling rather than in lis¬ 
tening” (26). Examination of the contradictions of maternal thought by those 
who develop it by maternal practice, which can be men as well as women, 
reveals contradictions and inconsistencies within culturally acceptable prac¬ 
tices of rearing children. A feminist consciousness combined with maternal 
thinking provides women with the ability to name and resist the forces within 
herself and the culture she lives in, to determine the meaning of dominant 
social values and how they affect her and her children—particularly orga¬ 
nized violence and war. Ruddick believes that maternal thinking and political 
peacemaking have the potential to work hand in hand to challenge “the myth¬ 
ical subdivision between men and women, private care and public defense, 
that hobbles both maternal and peacemaking endeavors” (244). 


Challenges to "Traditional” Motherhood 

Women of color have challenged both traditional ideologies of motherhood 
as well as White feminist critiques of motherhood, by demonstrating that in 
minority communities it is often not the mother alone who raises children 
but an extended network of family, neighbors, and friends who work to¬ 
gether. Patricia Hill Collins (1990) terms the different experiences of mothering 
among women of color in America as “divergent” experiences of mothering, 
which has been expanded by global feminist scholars to analyze the condi¬ 
tions of transnational motherhood by migrant female workers in the global 
economy. 

Feminist analysis of alternative mothering—stepmothering, grandmother¬ 
ing, foster mothering, and mothering by lesbian women—highlights some of 
the myths of traditional motherhood by demonstrating the role law and pol¬ 
itics have played in shaping how children are raised. The existence of suc¬ 
cessful alternative family structures contradicts the traditional notion that the 
mother-child relationship is natural and instinctive. 
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Motherhood and Work 

Another way women have challenged the ideology of traditional motherhood 
is simply by entering the workforce in mass numbers and demanding working 
conditions that support their efforts outside the home. Childcare, maternity and 
paternity leave, health care, and fair wages are all important social issues for 
mothers today, many of whom are single parents or heads of household. Rais¬ 
ing children is predominantly women’s work, regardless of employment sta¬ 
tus, and women still are underpaid in the workforce and unpaid in the home. 
Ann Crittenden (2001) argues that having a baby is the worst financial deci¬ 
sion a woman can make and calculates the “mommy tax” on a woman’s life¬ 
time earnings to be around 1 million dollars. 


Motherhood and Activism 

Mothers have a history of social activism in the United States, notably in the 
creation of the welfare state in the 20th century, and the demand for quality 



Hundreds of women whose children disappeared during the armed forces’ “Dirty 
War” in Argentina march from Congress to the palace to demand that the government 
reveal what happened to as many as 20,000people who disappeared between 1976 
and 1979. (Bettmann/Corbis) 
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childcare and flexible working conditions for parents in the 21st century. With 
the decline of the welfare state in the 1990s through the “welfare to work” pol¬ 
icy, different strategies for meeting the needs of women who work began to 
include socialized childcare, universal health care for children, flexible corpo¬ 
rate working arrangements for people with children, and fair wages for women. 
The Internet has created a virtual community of activist mothers fighting for 
social justice for women and children, including groups such as momsrising 
.org, motherhoodproject.org, and motherscenter.org—all groups that promote 
social programs to advance the political and social interests of mothers. 

Internationally, women’s groups that fight for human rights and women’s 
justice incorporate the concerns of mothers; however, in some cases mothers 
have grouped together to fight for human rights, such as the Tiananmen Moth¬ 
ers in China and Mothers of the Plaza de Mayo in Argentina, whose children 
disappeared in Argentina between 1976 and 1983, the years of the military 
dictatorship in that country. These mothers demanded answers from the Ar¬ 
gentine government, which admitted to kidnapping thousands of unaccounted- 
for children. 

In the 21st century, motherhood—specifically the manipulation of mother¬ 
hood ideology by states, the economic conditions of motherhood in different 
societies, the safety of motherhood in developing nations, and the demands 
of mothers for a friendly workplace—wi l l continue to be a concern of women 
around the world as well as a location from which women can fight for better 
economic and social conditions. (See also Discrimination; The 18th Century; 
Nature/Nurture; Race, Postcolonial Gender, and Science; Women’s Health 
Movement) 
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Muriel Lederman 


Religion has long been a force guiding understanding of the humanities’ 
place in the universe. As science became another such force, the two have 
sometimes clashed and have sometimes complemented each other. Margaret 
Wertheim (1997) argues that mathematics and physics, the underpinnings 
of contemporary science, are religious enterprises. Thus, the tenets of both 
spheres differentially affect men and women; since religion has been histor¬ 
ically overwhelmingly male, it should be no surprise that the physical sci¬ 
ences are androcentric and more easily available to men. 


Antiquity-Enlightenment 

The science of the Greeks placed values on numbers, with the number one 
being male, heavenly, and immaterial, while the number two was female, 
earthy, and material, a dichotomy whose influence is felt even today. In me¬ 
dieval times, science and mathematics were practiced in seminaries, which 
often were headed by an abbess alone or by an abbess and abbot together 
and were sites of study and scholarship for both men and women. However, 
two factors worked to remove women from power as heads of these institu¬ 
tions. In the sixth century, Pope Gregory I required celibacy among the clergy 
to ensure that church property was not split among the heirs of married 
priests. Charlemagne and other secular rulers of European nations co-opted 
the churches to consolidate their power. In both cases, monasteries and sem¬ 
inaries became training grounds for those who led the government and the 
military, and women were prevented from participating. Since women were 
excluded from these seats of learning, they were consequently excluded from 
the universities that were their successors. 

When natural philosophy emerged in the Enlightenment, it seemed to be 
quite separate from religion. The universe was seen as a giant mechanism, 
whose major metaphor was a clock, exemplified by the planetary clock at the 
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Enlightenment-era planetary clock at Strasbourg Cathedral, France. (B. Didier) 


cathedral in Strasbourg, France. Shapin (1996) describes the worldview after 
the Scientific Revolution as characterized by the mechanization of nature (ev¬ 
idenced by the use of mechanical metaphors), the separation between hu¬ 
mans and the objects they investigate, the mechanization of 
knowledge-making (especially through the use of mathematics), and the use 
of knowledge in the service of socially defined goals. This change in the na¬ 
ture of knowledge was accompanied necessarily by a change in the concep¬ 
tualization of Nature. Nature was transformed from an active female or 
hermaphroditic principle to being inert. With this “Death of Nature” (see Mer¬ 
chant 1980), the female was rendered lifeless and the masculine mind be¬ 
came the route to the unemotional, objective, measured (literally) assessment 
of the universe. As Susan Bordo says, “the otherness of nature is what allows 
it to be known” (Bordo 1999, 68). Man could investigate nature with no com¬ 
punctions but woman could not, since her being the subject of knowing oblit¬ 
erated her as knower. 

Some of the characteristics of the new mechanical philosophy were a con¬ 
tinuation of the Renaissance Hermetical tradition, in which humans could use 
their bodies to regulate all things under the influence of their God-given in¬ 
tellect. They also owed much to the changes that occurred during the Protes¬ 
tant Reformation. According to Keller (1992), John Calvin (1509-1564), the 
Scottish reformer, sought to transfer Nature’s intrinsic activity to the control 
of God. This move foreshadowed and gave permission for the major revolu- 
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tion in worldview described above. The critical step was the movement of 
“secrets” from God to Nature, giving permission for “science” to investigate 
these secrets and wrest control of them for the benefit of man. For Sir Francis 
Bacon (1561-1662), these secrets were to be exploited through technology, 
to gain mastery over the natural world. Feminist scholars point to the graphic 
sexual imagery in Bacon’s writings as examples of the male domination in¬ 
herent in androcentric science. 

Bacon’s desire for control has a religious underpinning. Fie believed that 
man had lost dominion over nature during the Fall in the Garden of Eden 
and it was imperative that sovereignty be regained. This could occur through 
the application of natural philosophy, which nevertheless was still subservient 
to God. The Book of Nature was to be read in parallel with the Book of Scrip¬ 
ture. It was a duty to read the Book of Nature, to purify religion by ridding 
it of the superstitions and incorrect notions that had become attached to it in 
previous times. 

The conceptualization of Nature as lifeless was required for both religion 
and mechanical philosophy. “If you ascribe activity and intelligence to what is 
properly conceived of as brute nature, you encourage the belief that material 
nature is self-sufficient, not dependent on external animating agencies for its 
motions and patterns” (Shapin 1996, 11). The British chemist Robert Boyle 
(1627-1691) thought that “ascribing to nature [capacities] that belonged to 
God, have been [a] grand cause of idolatry” (Shapin 1996, 151). Removing the 
active (female) principle from Nature allowed for the presence of a supernat¬ 
ural being to regulate the universe. The operation of the universe under the di¬ 
rection of God could be explained by the mechanical laws devised by men. 
Sir Isaac Newton’s (1642-1727) computations on the physics of the solar sys¬ 
tem suggested that it might collapse upon itself. Since it did not, this was taken 
as proof of the intercession of God in the workings of the natural world. 

The mechanistic bent of natural philosophy after the Scientific Revolution 
was not really at odds with religion. Rather, natural philosophy was to be 
used to look for evidence of regularity and patterns that testified to God’s 
intelligence, the “argument from design.” The vitality and complexity seen in 
Nature were taken as evidence for the existence of a supernatural rather than 
as a property intrinsic in Nature. According to Shapin (1996, 150), “Regu¬ 
larities were to be observed in nature and might even be mathematically ex¬ 
pressed. Yet it was to be understood that all such regularities were subject to 
God’s pleasure.” This “argument from design” has been revived and used to 
contradict the theory of evolution. 

Using 17th-century science to support religion was not a universal program 
among natural/mechanical philosophers. The Newtonian program abolished 
the distinction between heaven and earth, since all mathematical laws ap¬ 
plied generally, completely throughout the universe. Newton himself hid his 
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fascination with the Paracelsian tradition that flourished prior to the Scientific 
Revolution (Noble 1992). Rene Descartes (1596-1650) skirted dangerously 
close to abjuring both a Creator and a “final cause” by his dictum “cogito ergo 
sum.” 

The philosopher who most radically eliminated traditional religion from his 
attempts to understand the universe was Baruch Spinoza. He was born in 
Amsterdam in 1632 into a community of Portuguese Jews who had hidden 
their faith during the Inquisition and were reestablishing their religious iden¬ 
tity and practice. Spinoza was permanently excommunicated from the com¬ 
munity at age 23 for reasons that are mainly unclear but may involve his claim 
that the Torah is a social construct. His worldview was considered so extreme 
that his writings were banned in Holland, and his most significant work, Ethics, 
was only published posthumously. Spinoza reversed the position of the early 
thinkers of the Scientific Revolution who thought that humans could know 
nature through God. He was an intellectual descendant of Descartes but took 
Descartes’ view that God’s existence needed to be proven logically even fur¬ 
ther; Spinoza’s metaphysics gives primacy to reason, not to a deity. “God is 
immanent in nature, not transcendent. Logic itself is the world. Nature, mean¬ 
ing the laws of nature, needs nothing outside of itself to explain itself” (Gold¬ 
stein 2006, 52-58). Spinoza’s philosophy is considered by some to define 
modernity, and his ideas have been sustained through centuries. For example, 
Albert Einstein’s views were colored by Spinoza: “the material universe . . . 
does not lead us to take the step of fashioning a god-like being in our own 
image. There is neither a will nor a goal nor a must, but only sheer being” 
(Goldstein 2006, 62). In the view of neurobiologist Antonio Damasio (2003), 
Spinoza’s Ethics presaged contemporary research on emotion and feeling. More 
tellingly, Damasio claims that Spinoza reversed Descartes’ separation of mind 
and body; ironically, this extension of the Cartesian duality goes so far that 
it returns to the worldview that preceded the Scientific Revolution. 


19th Century 

Charles Darwin’s (1809-1882) Origin of Species, published in 1859, changed 
the perception of humans with regard to their place in the universe and, at 
least in England, changed the relationship between science and religion. 
There was no real difficulty reconciling evolution with Scripture, since fun¬ 
damentalism was not widely accepted. God was no longer needed to account 
for humans; natural theology, the term given in the mid-1800s to the widely 
accepted theory encapsulated as “the argument from design,” was likewise 
eliminated. “The real challenge of Darwinism for Victorians was that it turned 
life into an amoral chaos displaying no evidence of a divine authority or any 
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sense of purpose or design” (Browne 2006, 86). Some solved this problem by 
invoking a force that directed the changes postulated by evolution. 

Darwin’s The Descent of Man (1871) attempted to show the derivation of 
human traits from animal characteristics. Unfortunately, Darwin was a victim 
of Victorian beliefs, and his writings reflected prevailing views, such as the 
superiority of Whites and the superiority of males. He essentialized male dom¬ 
inance and was criticized by contemporary feminists and suffragettes for this 
stance. “Medical writers understood Darwin to be supporting the assumption 
that women’s brains were smaller and less evolutionarily developed than 
men’s or that the female body was especially prone to disorders if the repro¬ 
ductive functions were denied” (Browne 2006, 113). 


21st Century 

The relationship between science and religion in the United States in the early 
21st century seems unclear. On the one hand, there is a feeling that science 
should be in service of man and man’s faith, when it has traditionally been 
the scientists who decide on research priorities based on internalist criteria. 
During the presidency of George W. Bush, a new approach emerged to force 
science to adhere to religion, specifically to conservative Christian principles. 
Projects deemed irreligious were quashed by financial starvation; decisions 
on funding priorities had faith-based ideas and priorities as their foundation 
rather than the (presumptive) value of the research to humans and the envi¬ 
ronment. The decision to prohibit federal funding for stem cell research was 
based on the belief that “Human life is a gift from our Creator—and that gift 
should never be discarded, devalued or put up for sale” (C-Span.org 2006). 
Education to prevent HIV/AIDS requires a large portion of the expenditure 
to stress sexual abstinence. Since this strategy has proved ineffective, state 
governors turned back funding for this goal. The Bush administration refused 
to play a political or legislative role in reducing activities that cause global 
warming, denying its existence and editing scientific reports from the admin¬ 
istration’s own agencies to align with its policies. One evangelical Christian 
minister, Dr. Richard Cizek, spoke in favor of action on environmental issues 
as a requirement of faith. However, he was challenged by mainstream con¬ 
servatives within his organization, the National Association of Evangelicals, 
since this concern is a diversion from the great issues of the day, “the sanctity 
of human life, the integrity of marriage and the teaching of sexual abstinence 
and morality to our children” (CNN.com 2007). 

Simultaneously, during this period, science and religion appear to converge. 
The dedication of scientific researchers, required for success in the academy, 
continues to echo a monastic life. The parallel between women’s exclusion 
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from the clergy and their difficulty adhering to this androcentric academic 
standard became evident. The rhetoric surrounding the Human Genome proj¬ 
ect describes its results as the “Holy Grail” of life. 

The Townsend Prize is awarded annually for “discoveries and breakthroughs 
to expand human perceptions of divinity and to help in the acceleration of 
divine creativity.” Many of the recent recipients have been scientists with an 
interest in reconciling science and religion. A successful explication of the 
“Theory of Everything,” a mathematical, unified account of nature, perhaps 
through superstring theory, might lead to knowing God. Margaret Wertheim 
(1997) realizes that this project is irrelevant to most people’s lives and that 
the mathematical laws of physics are not a transcendent form of knowledge. 
The mainly unrecognized concordance of religion and science contributes 
to the androcentrism of the field. Breaking this link would remove a cultural 
barrier to the participation of women in science. (See also The 18th Century; 
Nature/Nurture; Renaissance) 
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Muriel Lederman and Barbara Whitten 


Authors’ note: This article owes much of its substance to Margaret Rossiter’s 
monumental two-volume work Women Scientists in America. Her unique ap¬ 
proach is to document the accomplishments and struggles of an entire com¬ 
munity rather than to focus on just a few great women. Those interested in 
a more complete understanding of women scientists in the United States are 
urged to consult her work. 


Women in Early Scientific Institutions 

Scientists organize themselves into institutions that foster the practice of sci¬ 
ence, provide them with resources, and nurture their professional culture. For 
women to be able to practice science, they must have access to these same 
resources—the current state of knowledge, necessary materials, and inter¬ 
actions with other scientists. The participation of women in scientific institu¬ 
tions has varied with time and place, but it is rare for women to participate 
as fully as men. 

In classical Greece, some women are believed to have participated in the 
two most important scientific institutions, the Pythagorean societies and the 
Academy of Plato. However, the science practiced was androcentric. For ex¬ 
ample, in Pythagorean number theory, numbers were associated with gender, 
and the number one was male, heavenly, and immaterial, while the number 
two was female, earthy, and material, a dichotomy that resonates to this day. 
In Roman times, Alexandria became a center of learning, and Hypatia was 
the leader of the Neoplatonist school of philosophy and an important math¬ 
ematician. She ran afoul of a power struggle between Christians and pagans 
and was murdered by a fanatical Christian mob. 

In medieval Europe, science was kept alive in monasteries, where women 
could become educated and escape the burdens of household management 
and childbearing. Many of these were headed solely by abbesses or jointly by 
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an abbess and an abbot. Hildegard von Bingen, for example, a natural philoso¬ 
pher, healer, and visionary, led a community of educated nuns in 12th-century 
Germany. As religious institutions and secular royalty joined forces, clergy were 
trained in cathedral schools, which were the direct precursors of universities. 
The development of universities in the 13th century was beneficial for science 
and for male scientists; it decreased the educational level of women in Eu¬ 
rope as they were excluded from universities as students and faculty. Women 
were not routinely admitted to universities in Europe or the United States until 
the end of the 19th century. 

Despite this exclusion, women found ways to practice science. Some 
women worked with a male relative, and some participated in informal in¬ 
stitutions like the salons of early modern France, where intellectual women 
discussed the philosophy of Descartes. In Cartesian philosophy, the separa¬ 
tion of mind from body is pivotal to the rational, objective nature of science, 
so Cartesian rules had no sex and offered the hope of a nongendered epis¬ 
temology. Women embraced and critiqued the work in ways that, according 
to Harth (1992), foreshadowed standpoint epistemology (Harding 1991). They 
hoped that a universal discourse would allow their participation in intellectual 
life but struggled with the embodied differences between men and women; 
if an identical disembodied mind is made to be the principle of sexual equal¬ 
ity, what can be made of embodied difference? Informal salons lost power 
and credibility with the rise and consolidation of national academies, which 
were exclusively male. The French Academy of Sciences refused admittance 
to Marie Curie even in 1911 (its first female member was elected only in 1979) 
and the science promoted by the academies was androcentric. 


Women in American Higher Education-Female Seminaries to 
Bachelor’s Degrees 

In the United States, the “common school” movement, led by Horace Mann in 
the early 19th century, was the first to argue for widespread education. David 
Noble (1992) claims that religious freedom, one of the founding principles of 
the United States, was instrumental in shaping the educational system of the 
United States. An anticlerical stance pervaded the nation through the 19th 
century; religion was democratically oriented and free from oppressive reli¬ 
gious strictures. Women claimed their rightful place in this religious revival, 
and education was an arena in which they saw the possibility of equality. 

Secondary education for women began before the Civil War, due to an in¬ 
genious argument called “Republican motherhood” and the efforts of women 
like Emma Hart Willard. In order to have a strong nation, the argument went, 
Americans needed good mothers to provide moral training to their sons; this 
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required educated women. This logic worked well enough for Willard to ac¬ 
quire a charter for Troy Female Seminary and to educate several thousand 
women by the time of her retirement in 1838. The curriculum was far more 
rigorous than that required for an educated mother and included mathematics, 
physiology, and physics along with household management and pastry cook¬ 
ing. Graduates often became schoolteachers; female teachers were welcome 
to tight-fisted school boards because they would work at a fraction of the pay 
demanded by men. Other female seminaries were founded in the period from 
1830 to 1850, most notably Mount Holyoke Seminary. These schools also of¬ 
fered employment to women scientists; Margaret Rossiter (1982) estimates that 
by 1873 there were 400 women science instructors in the United States. 

Female seminaries gradually expanded from secondary to higher education. 
Oberlin College was coeducational from the time of its founding in 1833, and 
Vassar College, founded in 1865, was the first educational institution for women 
to offer a full college curriculum. By 1870, some state schools were also be¬ 
ginning to accept women students; Cornell and the University of Michigan 
were particularly significant for women in science. Several important women’s 
colleges, including the remaining Seven Sisters—Barnard, Bryn Mawr, Mount 
Holyoke, Radcliffe, Smith, Vasser, Wellesley—and Spelman College, founded 
to educate former slaves and the daughters of slaves, were established be¬ 
tween 1870 and 1895. At the end of the 19th century, science came to be seen 
as a resource for capitalism, and scientific education became a way to create 
practitioners, produce scientific knowledge, and apply this knowledge in 
practical ways. The Morrill Act, which created the coeducational land-grant 
universities, further facilitated the inclusion of women in the sciences. 


The Importance of Women’s Colleges to Women in Science 

The importance of these early women’s colleges to women in science cannot 
be exaggerated. At a time when there were very few opportunities for women 
in science, women’s colleges offered rigorous scientific training to students 
and employed many women scientists. In 1921, for example, American Men 
of Science listed 24 women physicists, of whom 19 were employed at 
women’s colleges. Women’s college faculties had a high proportion of 
women faculty; Wellesley in particular hired essentially all women and cre¬ 
ated a female intellectual community that may be unique. Women’s colleges 
were also early models of progressive teaching. Sarah Whiting at Wellesley 
organized one of the very first laboratory-based physics programs in the coun¬ 
try (McDowell 1936). Maria Mitchell involved Vassar students in her astro¬ 
nomical research, believing that meaningful scientific work was an important 
part of science education. 
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First astronomy class at Vassar College, 1866. Professor Maria Mitchell and 15 fe¬ 
male students pose with telescope. (Special Collections, Vassar College Library) 


Many very accomplished women scientists, including Mitchell, Cornelia 
Clapp at Mount Holyoke, and Florence Bascom at Bryn Mawr, spent sub¬ 
stantial proportions of their careers as women’s college instructors. When, 
during the Nazi era, the great mathematician Emmy Noether was forced to 
flee Europe, no coeducational institution was willing to find a place for her. 
She found refuge at Bryn Mawr for the remainder of her tragically brief life. 
These women trained other women scientists, leading to multigenerational 
mentor-protegee chains. For example, Ellen Swallow Richards and Christine 
Ladd-Franklin were students of Maria Mitchell at Vassar. 

Hunter College, a former women’s college that is now part of City Univer¬ 
sity of New York (CUNY), provided free education to the daughters of immi¬ 
grants and nurtured an extraordinary number of eminent scientists; in 1996, 
10 of the 86 women in the National Academy of Sciences were Hunter College 
alumnae (Wasserman 2000). Roman Catholic women’s colleges were also 
founded to serve largely immigrant communities; Our Lady of the Lake Uni¬ 
versity and Incarnate Word University, two formerly women’s colleges, are 
the two institutions in the country most productive of Latina Ph.D.s (Wolf- 
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Wendel 1998). Spelman College, one of two historically Black women’s col¬ 
leges, is the most productive of African American women scientists (Leggon 
and Pearson 1997). 

In addition, because women’s colleges educated more women scientists 
than they could absorb on their faculties, they created pressure on other in¬ 
stitutions to hire women scientists, a phenomenon that Margaret Rossiter calls 
the “entering wedge.” 


The Next Steps-Doctoral Degrees and University Positions for Women 

In the 1880s and 1890s, science was beginning to be professionalized and 
colleges and universities began to look for faculty members with doctoral de¬ 
grees. Although the new graduate programs seemed to indicate that they 
would be open to both sexes, in practice women were not admitted to most 
graduate programs. Exceptional women were allowed to attend graduate 
classes, but obtaining degrees was more difficult. Ellen Swallow Richards and 
Christine Ladd-Franklin were admitted as “special students” to MIT and Johns 
Hopkins, respectively. By 1889, 10 colleges and universities, including Syra¬ 
cuse University, Boston University, Smith College, University of Michigan, and 
Cornell University, had awarded doctoral degrees to 25 women. Yale and Uni¬ 
versity of Pennsylvania and the newly formed Western schools Stanford and 
University of Chicago followed during the 1890s, and the number of women 
with advanced degrees increased sharply; by 1900, 56 women had received 
a Ph.D. in science from American universities. Two thirds of these were from 
just four schools: Cornell, University of Pennsylvania, Yale, and Chicago. 

But a number of prestigious schools in the United States and Europe con¬ 
tinued to be closed to women. Christine Ladd-Franklin was instrumental in 
establishing a graduate fellowship for women, sponsored by the Association 
of College Alumnae, that gave opportunities to many women who would go 
on to eminent careers in science, and opened a number of European univer¬ 
sities to female graduate students. European universities were more open to 
foreign women, who would not expect to teach in European universities, but 
these opportunities were also exploited by European women such as Lise 
Meitner and Emmy Noether, both of whom received graduate degrees in the 
early 20th century. 

A strategy that Margaret Rossiter calls “coercive philanthropy” was more 
effective than this gradual approach. Johns Hopkins is a good example; it did 
not officially open its graduate school to women until 1907 and waited until 
its 50th anniversary in 1924 to award a degree to Christine Ladd-Franklin. 
At the age of 790), Ladd-Franklin attended the ceremony and received her 
long-delayed degree. In contrast, the Johns Hopkins medical school began 
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admitting women in 1893, largely due to the requirements of a large bequest 
by Mary Garrett, heiress to the Baltimore and Ohio Railroad fortune. Johns 
Hopkins quickly became known for a long line of distinguished women physi¬ 
cians and medical researchers. 

When women began to take the natural next step, into jobs at coeduca¬ 
tional universities, resistance increased, and women were forced to develop 
new strategies, often finding new niches that did not threaten the male bas¬ 
tion of the professoriate. The rise of “Big Science” made larger research groups 
possible and allowed for the creation of research associate positions. Examples 
included Edward Pickering’s group of women “measurers” at the Harvard 
College Observatory, and museum assistants in a variety of fields. 

It was common for scientific women to work with a male colleague, often 
their thesis adviser or husband. The protection of a powerful man could make 
research opportunities available for women, but there were drawbacks. It was 
often assumed that the men had all the ideas, and women had trouble getting 
credit for their work. Margaret Rossiter (1995, plate following p. 148) shows 
a photograph of physicist Ann Chamberlain Birge and her husband Robert 
Birge. The couple was deliberately posed by the photographer with the man 
standing using the equipment and the woman seated and taking notes, de¬ 
spite the fact that it was her equipment and her dissertation research. 


The Story of Home Economics 

Another strategy exploited by women eager to do scientific research was to 
go into new areas of applied science in “womanly” fields. This approach is 
exemplified by chemist Ellen Swallow Richards, who created the applied sci¬ 
ence of home economics almost single-handedly. She stressed the value of 
chemistry to homemakers, testing water purity and developing low-cost, nu¬ 
tritious meals for the poor. She propagandized for home economics as a field, 
ran demonstration projects, wrote handbooks, and organized its main activ¬ 
ities and professional organizations. 

By the time of Richards’s death in 1911, the field was well established and 
moving into a more academic phase. The new agricultural colleges of the 
Midwest and West formed programs and many young women chose this field 
as a college major and a profession. Home economics prospered even through 
the Depression, when so many other academic fields declined. 

In 1936, Flemmie Kittrell became the first African American woman to 
receive a doctorate in home economics. She spent much of her career at 
Howard University, developing the home economics program into one of in¬ 
ternational renown. In the late 1940s and 1950s she conducted a “nutritional 
survey” of underdeveloped African nations and discovered the phenomenon 
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of “hidden hunger,” in which a person may be malnourished despite a full 
stomach. Later she spent a year in India as a Fulbright scholar studying local 
diets, and she founded a college of home economics there. She also estab¬ 
lished an exchange program that enabled many Indian students to attend U.S. 
universities and obtain doctorates. 

Home economics and other “womanly” fields tended to be highly feminized, 
poorly paid, and scorned by many other academics. While they segregated 
women, they did offer opportunities for academic employment to many women 
scientists. In many universities the only female full professors, department 
chairs, and deans were in these “women’s” fields. This successful enclave for 
women scientists was destroyed during another period of “professionalizing” 
science in the 1950s, when many fine home economics departments were 
dismantled or replaced by less female-oriented programs. Older women 
were often brutally expelled from institutions to which they had devoted their 
careers, to be replaced by younger and better paid men. 


Documenting Discrimination 

Women tried to document the discrimination and unfair practices that were 
keeping them from academic jobs. In 1921 Committee W of the American As¬ 
sociation of University Professors (AAUP) performed a comprehensive survey 
of the status of academic women, finding that women had only 4 percent of 
professorships but 23.5 percent of instructorships, and that 27 of the 100 co¬ 
educational schools surveyed had no women faculty at all. Two years later, 
Marion Hawthorne found that women had lower status and lower pay than 
men and that this differential could not be explained by advanced degrees 
or years of experience. She concluded, 

Women with exceptional ability and proper influence testify to the fact that they 
were able to rise to a position equal to that of male colleagues, but the rank and 
file of the respondents seem to have developed a defensive attitude bordering 
on martyrdom, and complained, waxed bitter, and voiced resentment toward the 
conditions of which they were victims. (Rossiter 1982, 164) 

Women who expected anything other than the lowest status, rank, and pay 
were required to overcome the barriers placed before them and prove them¬ 
selves equal to the best men in their fields. Those who succeeded in this 
almost impossible task were quickly labeled “exceptions,” so that their out¬ 
standing performance did nothing to remove prejudice against other women. 
Sometimes it even worked against other women; Robert Millikan wrote a let¬ 
ter to the president of Duke University advising against the hiring of German 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


242 Women, Science, and Myth 


refugee Hertha Ayrton on the grounds that she was not as good a physicist 
as Lise Meitner. Meitner was at that time one of the most eminent physicists 
in the world; neither the male physicists at Duke nor any of the male candi¬ 
dates could have met this high standard. The academic community was as¬ 
sumed to be meritocratic, despite obvious inequities, and the dearth of women 
was taken to be evidence of their lack of ability. 

Depression-era cutbacks had a disproportionate impact on women. The 
development of policies like tenure and antinepotism, while ostensibly gen¬ 
der neutral, worked against women. Antinepotism rules kept Maria Goeppert 
Mayer and Gerty Cori, both married to other scientists, as volunteer research 
associates even when they were doing the work that won them each a Nobel 
Prize. One couple, archaeologists Madeline Kneberg and Thomas Lewis of the 
University of Tennessee, were so certain that antinepotism rules would end 
her career that they chose not to marry until they retired. 


World War II and the Cold War 

Government interest in and support of science increased dramatically during 
what some have called “the physicists’ war,” won by radar and ended by the 
atomic bomb. Women scientists participated in this boom but only as tempo¬ 
rary employees. The number of women scientists in academic jobs more than 
tripled, but tenure was suspended during the war, so their progress was not 
permanent. Women also made direct contributions to the war effort, most no¬ 
tably on the Food and Nutrition Committee, which advised the government on 
nutritional needs of fighting men. Ruth Benedict wrote an interpretive work 
on Japanese culture that was published after the war as The Chrysanthemum 
and the Sword. Some women worked for the Office of Scientific Research 
and Development and the Manhattan Project, although their contributions 
were almost invisible. 

After the war, serious efforts were made to remasculinize science. The GI 
Bill made a college education possible for more than a million veterans, but 
97 percent of veterans were male, so women barely benefited from this new 
opportunity. On the contrary, to make room for the returning veterans, many 
women’s colleges began to accept male students, and quotas for women stu¬ 
dents were instituted at many coeducational schools. Antinepotism policies 
that had been suspended during the war were reinstated. The needs of the 
war effort had stretched gender roles, but antifeminism remained strong and 
women were pushed out of academic institutions at all levels to make room 
for returning men. 

During the postwar period, MacCarthyism and the Cold War made criticism 
of most institutions subversive. Women lost voice and protest was muted. The 
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Korean War brought a new concern for scientific manpower, and girls were 
urged to study science and become teachers and lab workers. Record num¬ 
bers of women did enroll and complete degrees, despite the discouraging 
atmosphere. 

The period of the middle 1950s through the 1960s was a golden age for 
science, a time of unprecedented growth and prosperity, but again women 
did not participate in this boom. The increased research support created many 
new soft money positions, which often were taken by women scientists. But 
these positions were low paid and low status and dependent on the project 
director. The women themselves, together with their hard work and accom¬ 
plishments, remained invisible. One bright spot, Penn State, upgraded its 
academic standing by deliberately hiring academic couples and distinguished 
women. 


The Women’s Movement and Affirmative Action 

The advent of the women’s movement in the late 1960s enabled women sci¬ 
entists to find the collective voice and effective strategy that had eluded them 
for decades. Alice Rossi collected data that showed significant discrimination 
against women in pay and other important areas. Rather than exhorting women 
to work harder, Rossi identified discriminatory practices and social pressures 
that discouraged women from pursuing science. Bernice Sandler filed suit 
against the University of Maryland for sexual discrimination in hiring under 
the Civil Rights Act. Until now, universities had been above these laws, but 
Sandler (advised by her lawyer husband) argued that the university, as a fed¬ 
eral contractor, was subject to antidiscrimination legislation. She eventually 
broadened her suit into a class action lawsuit against 250 colleges and univer¬ 
sities. The universities responded by stalling, but this tactic backfired because 
it increased pressure for more effective legislation. 

Representative Edith Starrett Green (D-OR), a member of the House Com¬ 
mittee on Education and Labor, appointed Sandler to her staff and used her 
research to hold hearings on sex discrimination in education. Green’s work 
culminated in the Educational Amendments Act of 1972, which was signed 
into law by President Nixon in March of that year. Title IX extended the Equal 
Pay Act of 1963 to higher education and banned sex discrimination in any 
program of an institution receiving federal funding, including sports, textbooks, 
and the curriculum. 

Affirmative action legislation was certainly significant for women in science. 
It was now illegal to refuse to hire women or to pay them less than their male 
colleagues. Hated nepotism rules were finally overturned. But Figure 2 shows 
that affirmative action did not cause a huge flood of women into science. 
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Year 


Figure 2. Participation of women in academic science. Source: NSF (2004) and NSF 
(2007). 


Instead, there has been a steady increase of women at all levels of academic 
science since the mid-1960s. Women were half of all bachelor’s degree recip¬ 
ients by 1980 but not half of science bachelor’s degrees until 2000. In psy¬ 
chology, women achieved parity by 1974 and in biology by 1995. In the 
physical and earth sciences, women were still only 42 percent of bachelor’s 
degree recipients in 2004, the most recent year for which the National Science 
Foundation (NSF) has collected data (NSF 2007). At the doctoral level, 
progress has been slower. In 2004, women received 37 percent of science doc¬ 
torates, and only in psychology have women achieved parity. Figure 2 shows 
clearly that the lower participation by women in science is not due solely to 
the lack of qualified women. Women have had plenty of time since 1972 to 
progress into doctoral degrees and academic jobs, but they continue to lag 
behind; in 2003 women scientists were only 31 percent of all academic job 
holders (NSF 2007). 

While affirmative action is clearly beneficial to women in science, it did not 
eliminate discrimination as thoroughly as one might have hoped. The overt 
inequity of antinepotism and pay differentials has been replaced by more 
subtle forms of discrimination that are often harder to document and fight. 
Bernice Sandler calls the constant denigration of women and their accom¬ 
plishments the “chilly climate.” This creates a subtle but constant pressure 
pushing women out of science so that the pipeline continues to leak. Aca¬ 
demic women must choose between career and family life in a way that men 
do not. The incompatibility of the tenure clock with women’s biological 
clocks has been identified as a major reason that women drop out of science. 
Although the situation is far from ideal, family-friendly policies, such as find¬ 
ing positions for trailing spouses, stopping the tenure clock for both men and 
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women, for pregnancy, adoption, or other family issues, are becoming more 
prevalent at many institutions. 

The closing of many women’s colleges was an unanticipated result of Title 
IX legislation. Women’s colleges provide opportunities for women-centered 
scholarship not available or recognized as valid in androcentric institutions and 
offer leadership prospects and the presence of female role models, especially 
in math and science. Mount Holyoke is first among all liberal arts colleges in 
producing women who went on to receive U.S. doctorates in the life sciences 
and in the physical sciences from 1966 to 2004. This put it in the top 2 percent 
of all colleges and universities, some many times its size. There are fewer than 
60 women’s colleges today in the United States, unfortunately limiting the 
choices of those who would benefit from this option (Salamone 2007). 

In 1997, Nature published the results of an analysis of peer review scores 
in the Swedish Medical Research Council by Christine Wenneras and Agnes 
Wold; their work showed that peer reviewers overestimated male achieve¬ 
ment and underestimated female achievement. And in 1999, Nancy Hopkins, 
professor of biology at the Massachusetts Institute of Technology, showed 
significant gender inequalities in salary, research space, start-up packages, 
resources, and access to graduate students among faculty of equivalent rank. 
Quickly, representatives of other elite universities found the same situation 
at their institutions. Indeed, in some departments, statistically significant data 
on differences between male and female faculty could not be obtained be¬ 
cause there were too few women. 

In response to these findings, in 2001 the National Science Foundation 
began the ADVANCE Program (http://www.nsf.gov/funding/pgm_summ.jsp 
?pims_id=5383) to promote institutional change and increase women’s lead¬ 
ership. Previous NSF efforts to encourage women in science had targeted in¬ 
dividual women and their research; this is the first effort to change institutions 
rather than women. For example, the ADVANCE program at the Georgia In¬ 
stitute of Technology (http://www.advance.gatech.edu/) was co-directed by a 
feminist dean and the provost, a person in a position to promote significant 
change. This multiyear program incorporates several important elements: 

• Termed professorships for senior women professors, equivalent to a 
chaired professorship, that focuses on mentoring junior women. 

• Leadership retreats for women faculty and senior administrators. 

• New family-friendly policies. 

• Data gathering on recruitment and retention. 

• Redesign of the promotion and tenure process to remove bias. 

It remains to be seen whether women in leadership positions initiate change 
or continue long-entrenched policies, and whether five years of funding is 
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sufficient to ensure long-lasting change. One institution has discovered that 
promises made in connection with an ADVANCE award might be withdrawn 
by a newly appointed administrator. Nevertheless, many American universities 
are now trying to ensure equal opportunities for women and to implement 
family-friendly policies. 


Conclusion 

Those of us whose careers in science began in the second half of the 20th 
century often believe that progress for women has been linear, since that has 
been our experience. But if we look over a longer time, we see that oppor¬ 
tunities for women in science have fluctuated. Periods of opportunity are of¬ 
ten followed by retrenchment caused by a fear of feminization of science. 
Opportunities for women often do not parallel those for men. Sometimes 
when science expands, as during the golden age following World War II, op¬ 
portunities for women have contracted. 

We see a remarkable similarity in strategies by antifeminists seeking to roll 
back women’s progress. In the late 19th century, conservative men argued 
that higher education made women unfit for motherhood and would damage 
the reproductive capacity of the nation. This is remarkably similar to the “con¬ 
cern” expressed by contemporary conservatives over the difficulties women 
have in maintaining both competitive careers and a satisfying family life. The 
“blame the victim” mentality remains constant. For more than a century, anti¬ 
feminists have been assuming that science is a meritocracy, ignoring obvious 
patterns of discrimination against women and explaining that the dearth of 
women in the upper ranks of scientists must be due to women’s lack of talent 
or interest. Larry Summers was not as original as he imagined. 

The counterstrategies of women scientists have also changed little. Many 
women believed in the meritocracy, kept their heads down, worked hard, and 
hoped for rewards. For the most part they were disappointed, working many 
years with low pay, little advancement, and little credit for their work. There 
were a lucky few exceptions who, because of extraordinary talent and influ¬ 
ence, were able to have careers similar to those of male scientists. Some of 
these lucky women, like Christine Ladd-Franklin, have done significant work 
to help their less fortunate colleagues. Others who were blind to their own 
privilege “refused to see any problem.” Jessie Bernard, for example, who had 
generally been well treated at Penn State, blamed the decline of women on 
academic faculties on a shortage of trained women, and not on discrimination. 

Collecting data to document women’s accomplishments and discrimina¬ 
tion is a standard tactic. From the 1870s, when Maria Mitchell first pointed out 
that coeducational schools were not hiring very many women, to the statis- 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Universities 247 


tical report of Committee W of AAUP in 1921 to the MIT Report in 1999, 
women have attempted to show the effects of discrimination on hardworking 
and accomplished women. The success of this tactic varies with the political 
climate; it can convince some powerful men and accomplish change, but all 
too often results are ignored or blamed on the women themselves. 

It is important to appreciate the extent to which women have supported 
each other. Professional women banded together to form “women in . . .” 
subgroups of their professional organizations and, denied membership in 
faculty clubs, formed their own groups. Women’s clubs offered prizes and 
scholarships to women scientists and students. The American Association of 
University Women (AAUW), for example, established an Annual Achievement 
Award for a woman scientist or scholar; early winners included Florence Seib¬ 
ert, Ruth Benedict, and Barbara McClintock. The Clare Booth Luce fellowships 
for women in science, which support both students and faculty, continue this 
important tradition. Wealthy women (and sometimes men) practiced “coer¬ 
cive philanthropy,” forcing academic institutions to include women by pro¬ 
viding restrictive bequests. Catherine Naife Kellogg, for example, endowed a 
chair for a woman scientist at the University of Michigan. The first recipient 
was noted psychologist Helen Peak, who moved from Connecticut College 
for Women to one of the largest doctoral programs in the country and became 
one of the most visible and most honored women in psychology. At MIT, 
feminist alumna Katherine Dexter McCormick endowed the first women’s dor¬ 
mitory (it opened in 1964, 96 years after MIT had become coeducational). 
Eleanor Roosevelt on several occasions intervened to help women scientists 
receive equal pay. These efforts helped to remind often-isolated women sci¬ 
entists that there was a supportive community out there. And it helped re¬ 
mind women that highly accomplished women scientists did exist. Women 
scientists act as role models and mentors to younger women. 

We have learned that the political climate matters, that supportive men in 
positions of power can make significant change, and that women working 
together can provide a supportive community. Women scientists of the pres¬ 
ent continue all these strategies to improve our position and provide increased 
opportunities for younger women. (See also Discrimination; Women’s Educa¬ 
tion; Technology) 
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Daryl E. Chubin 


Recent History 

In December 1995, the National Science Foundation (NSF) and Deputy Di¬ 
rector Anne Petersen hosted a conference on “Women and Science” in Wash¬ 
ington, DC (National Science Foundation 1997). The conference drew 700 
participants (90+ percent women scholars, educators, and federal agency ad¬ 
ministrators). Today, such a gathering sounds unremarkable, but it was re¬ 
markable then. NSF had funded several conferences and workshops on gender 
but had never hosted its own event—determining the agenda and giving the 
topic agency, and indeed, federalwide visibility. 

The concluding panel of the two-day conference, featuring plenary and 
breakout sessions, was moderated by Director Neal Lane. The panelists were 
the assistant directors of all NSF directorates. The symbolism was unmistak¬ 
able. The highest ranking authorities within the agency charged with the 
support of science and engineering research and education were given min¬ 
utes each to indicate how their directorates were supporting participation of 
women in the enterprise. This was, in effect, going on the public record. 

To affirm the “field’s” reaction to what was being pledged, Director Lane 
invited comments from the floor. Women converged on the open mikes. Most 
were laudatory of the event, praising NSF for its forthrightness in providing 
an opportunity for women to “set their own agenda” and “speak informally 
in smaller groups” instead of being lectured to and reassured that their con¬ 
cerns were being heard. 

To some in attendance, the praise seemed misplaced. This was 1995! NSF 
should have been “doing the right thing” since at least the 1980 reauthoriza¬ 
tion that charged NSF with increasing representation of women and minorities 
in science (see below). What sometimes appears as a milestone might be re¬ 
considered as payment on an overdue account. 
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Measuring Progress—Slow and Uneven 

Now more than a decade later, NSF has the cross-directorate ADVANCE Pro¬ 
gram that seeks “institutional transformation”—to change the environment for 
success, not just the behavior of women faculty. The NSF Gender in Science 
and Engineering Program still awards grants for projects that explore how 
gender impinges on science education and careers. Other research and de¬ 
velopment (R&D) agencies and departments cannot but help to see gender 
as a variable, but few have built programs and dedicated resources to culti¬ 
vating the talent embodied by more than half of the U.S. population. How have 
we made progress? 

When the National Science Board, the governing body of NSF, revised in 
1997 the review criteria to be applied to grant applications, it struck a chord 
that could be emulated by all the R&D agencies. By prescribing the impor¬ 
tance of “broader impacts” as a core consideration in decisions to fund sci¬ 
ence and engineering research and education projects, the Board redefined 
“excellence” to include the development of human resources as more than 
a by-product of the knowledge-creation process. In a word, without im¬ 
pacting students (at all levels) or lay publics as an integral part of a project, 
there can be no excellence (and by implication, no justification for NSF sup¬ 
port of it). 

The broader impacts criterion, however, did not begin to affect the Founda¬ 
tion’s decentralized program-by-program decision making until then-Director 
Rita Colwell issued a memorandum in 2002 reminding staff and performers 
alike that the criterion would be enforced. Proposals were expected to ex¬ 
plain how those beyond the immediate peer community would benefit from 
the work conducted under the grant (examples from that memo are posted 
at NSF 2002). 

NSF has a unique role among federal R&D agencies. Operating under the 
Science and Engineering Equal Opportunities Act of 1980 (revised P.L. 107- 
368 to include persons with disabilities), which congressionally mandates the 
agency to increase participation of groups underrepresented in science and 
engineering, the Foundation deserves credit for spearheading the production 
of scientists and engineers. But the burden should not fall solely to this one 
agency. 

The reality is that the science and engineering workforce, with women and 
minorities grossly underrepresented, looks most unlike the nation’s overall 
workforce. This is a legacy of policies that served us in the 20th century (Com¬ 
mission on the Advancement of Women and Minorities 2000). Such policies 
were fragmented categorically by group, segment of the education system, 
sector of the economy, institutional type, and so on. The national interest can 
get lost in the maze of agency missions. Funding projects that promise broader 
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impacts and benchmarking progress require checklists, not wish lists. This 
should be an enabling national priority. If education and human resources are 
the lifeblood of science, then experts, too, must learn how to recognize and 
reward peers who simultaneously enrich knowledge and have the capacity 
to teach, invent, and consume science. 

So is the glass half full or half empty? A 2006 report by the National Acad¬ 
emies (elaborated below) puts the last decade into sharp perspective by 
analyzing what we know from research on gender and how we act (or fail 
to act) on this evidence of residual bias and blunted opportunity. With the 
power of the purse, federal agencies can spur at least two kinds of significant 
action —besides research —on bias and efforts to reduce its pernicious effects 
on science: the provision of technical assistance to individuals and organiza¬ 
tions, and advocacy that keeps issues of policy and practice in front of stake¬ 
holders, especially lawmakers and federal administrators. 


Technical Assistance: An Exemplar 

Typically, federal agencies award project monies on a competitive basis to 
“performers” who pursue programmatic goals. One co-sponsored example 
focused on gender in science is the Committee on the Advancement of 
Women Chemists, or COACh, an organization devoted to accelerating the 
slow progress toward reaching gender equity in academia in the chemical 
sciences. COACh was formed in 1998 with seed funding from the Camille and 
Henry Dreyfus Foundation. From its Web site (http://coach.uoregon.edu/), we 
learn that 


since 2000 its efforts have been jointly funded by grants from NSF, NIH [the 
National Institutes of Health], and the Department of Energy. COACh activities 
and programs are developed by an Advisory Board consisting of senior women 
chemists and chemical engineers, mainly in academia. This group, which rep¬ 
resents a cross-section of institutions and ethnic backgrounds, has been meeting 
for the past six years in its capacity as the governing body of the organization, 
planning and implementing the programs described herein. 

The goals of COACh, a membership organization of over 300, are concrete 
and measurable. The programs “are designed to increase the number of women 
chemists entering academic chemistry departments, succeeding up the ranks 
and achieving leadership roles. Both women chemists themselves and depart¬ 
ments and research centers are targeted with these programs” (http://coach 
.uoregon.edu/). 
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Indeed, COACh’s aspirations reach beyond discipline and sector to offer 
professional skill s workshops that help women scientists, especially women of 
color, achieve their full career potential as they progress from undergraduate 
to graduate to faculty status. Ultimately, these faculty would work to effect 
change in institutions to provide an inclusive and supportive environment for 
all underrepresented groups, as well as networking and mentoring activities. 
COACh also seeks to evaluate the impact of programs and disseminate the 
results beyond the chemical sciences. The need for research on factors that 
slow the careers of women in the academic sciences is ongoing, serving to 
fuel other efforts and organizations concerned with gender equity (Fox, John¬ 
son, and Rosser 2006). 

A major reference point for many of these activities is the chief professional 
association for U.S.-based chemists, the American Chemical Society. For the 
record, chemistry lags other disciplines among the physical sciences in the hir¬ 
ing, promoting, tenuring, and advancing Ph.D.-holding women in academe 
(Marzabadi et al. 2006). Disciplines alone, however, should not grapple with 
these issues. There remain formidable challenges to measuring gender in¬ 
equities even at the institutional level (Bailyn 2003; Jaschik 2006a). 


Advocacy (Research-Based) 

The National Academies (Committee on Women in Science and Engineering 
2006) recently catalogued gender differences in careers by state and institu¬ 
tion. The report exhorts the federal agencies and Congress to use the “bully 
pulpit.” One can identify at least four ways in which the federal government 
figures prominently: 

1. Federal agencies and private foundations could collaborate with pro¬ 
fessional societies in organizing national meetings to educate uni¬ 
versity department chairs, agency program officers, and members 
of review panels on ways to minimize the effects of gender bias in 
performance evaluations. These sponsors should support administra¬ 
tive assistance for researchers who are on leave because of caregiving 
responsibilities. 

2. Federal enforcement agencies—including the U.S. Equal Employment 
Opportunity Commission (EEOC); U.S. departments of Education, 
Justice, and Labor; and various federal civil rights offices—could pro¬ 
vide technical assistance in helping universities pursue their diversity 
goals in employment and programs. 

3. Federal agencies should also conduct periodic compliance reviews at 
higher education institutions to monitor whether federal antidiscrim- 
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ination laws are being upheld and discrimination complaints promptly in¬ 
vestigated. 

4. To ensure that laws are being enforced by various agencies (Agri¬ 
culture, Defense, Education, Energy, and Labor; EEOC; and science 
agencies, including the National Institutes of Health, the National Sci¬ 
ence Foundation, the National Institute of Standards and Technology, 
and the National Aeronautical and Space Administration [NASA]), Con¬ 
gress could routinely hold oversight hearings (Committee on Max¬ 
imizing the Potential 2006). 

Clearly, we are getting a better empirical handle on how gender influences 
the inputs to and outcomes of science. After all, just as allegiance to discipline 
competes with allegiance to institution and teaching with research, so does 
gender as a variable—often unspoken—influence decisions about hiring, pro¬ 
motion, and advancement. That evidence of bias in faculty composition per¬ 
sists indicates how deep cultural biases and institutional practices run 
(Nelson 2005). 

The federal government has a substantial role—as sponsor and “client”— 
in what happens on campus and in the technical workforce. Similarly, pro¬ 
fessional associations for the science and engineering disciplines provide 
authoritative judgment of quality and progress, both of its knowledge base 
and its practitioners. Performers (both individuals and organizations) can ill 
afford to ignore those judgments. What, then, should be the posture of the 
federal government toward changing culture, if not individual behavior, to 
increase participation in science? 


Federal Enforcement-Passive or Aggressive? 

Institutional change is, by definition, slow and often imperceptible. For those 
fomenting, advocating, and documenting change at a department, college, or 
whole institution level, progress registers as a tweaked policy, a modified prac¬ 
tice, or perhaps a trend indicating tangible improvements in the participation 
of those traditionally underrepresented: new hires, promotion and tenure de¬ 
cisions, advancement to leadership positions, recognition by one’s institution, 
discipline, or professional association. 

Starting in the summer of 2006, the U.S. Education Department began to 
conduct in-depth investigations of whether selected colleges and universities 
are complying with federal antibias laws in their treatment of women in math 
and science. The investigations were undertaken by the Education Depart¬ 
ment’s Office for Civil Rights (OCR) as full “compliance reviews,” which look 
broadly at institutional policies and practices—and tend to be much more 
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thorough and sometimes last much longer than investigations of a specific 
complaint. 

Of course, all federal agencies have enforcement responsibilities under 
Title IX. All federal agencies, including Education, the Department of Energy, 
NASA, and NSF, are responsible for handling Title IX enforcement of their 
own grantees and may refer complaints against educational institutions to 
Education’s OCR and employment-related sex discrimination complaints to 
EEOC. OCR plays a key role in ensuring compliance with Title IX because it 
has primary responsibility to investigate most types of complaints at educa¬ 
tional institutions, including complaints referred from other federal agencies. 

As far as one can tell, investigations are ongoing. Progress is not reported 
in the usual media outlets, though Science (Bhattajarchee 2007) recently noted 
that DOE and NASA compliance reviews continue for months, while NSF’s 
review is now the responsibility of an interagency group within the White 
House Office of Science and Technology Policy (OSTP). The reviews fall un¬ 
der the OCR’s authority to enforce Title IX of the Education Amendments of 
1972, which bars sex discrimination in education programs receiving federal 
funds. Such reviews end when institutions agree to change certain policies 
and with policy guidance that is broadened to apply to colleges that were not 
reviewed. 

These investigations on how women are treated in science mark a huge 
expansion of federal enforcement activities on behalf of women in science. 
A Government Accountability Office (2004) report, which criticized enforce¬ 
ment as inadequate, found that in the previous 11 years the Education De¬ 
partment had conducted a total of three compliance reviews of how colleges 
and universities handled science and gender equity. 

Most observers realize that the discrimination women face as students or 
faculty members in mathematics, engineering, and science may be subtle and 
not involve written rules. Nonetheless, barriers in the form of access to lab¬ 
oratory facilities, amount of lab space and type of equipment, expression of 
doubt about capabilities, and outright harassment are quite real. Department 
reviews examine policies that result in women feeling unwelcome, encoun¬ 
tering “glass ceiling” assumptions that exclude them from consideration for 
certain kinds of positions, or having to contest apparent placement on a 
“Mommy track.” In the words of Jocelyn Samuels, vice president for education 
and employment at the National Women’s Law Center, compliance reviews 
are welcome because historically Title IX enforcement in math and science 
“has not been a priority” (Jaschik 2006b). 

Although EEOC does not have any authority under Title IX, it does have 
authority under Title VII of the Civil Rights Act of 1964 to investigate sex- 
based complaints of employment discrimination, including sex discrimination 
against faculty and scientists. Arguably, the federal government has been too 
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passive in investigating gender bias in science. But the outlook is one of more 
aggressive enforcement. Stay tuned. . . . 


Using Policy Levers within a Federal R&D Agency: Two Cases 

Could the federal government withhold research funding from universities 
that oppose or are indifferent to advancing the careers of women in science? 
There is no question that this falls within the policy purview of a federal fund¬ 
ing agency. What one can do, however, differs from what one dares to do. 

The director of the Office of Research on Women’s Health at the National 
Institutes of Health, Vivian Pinn, says that stricter scrutiny of NIH-funded in¬ 
stitutions for gender bias is a possibility to examine. “If you’re in academia, 
you don’t want the government dictating what you do,” she said. But as the 
only woman and the only African American in her 1962 medical school class, 
“I know many doors were opened to me . . . because someone had to make 
sure that opportunities were made available to everyone.” 

Pinn’s office ensures the inclusion of women in NIH-funded clinical trials, 
serves as the focal point for research in women’s health issues, and helps ad¬ 
vance the careers of women in science and medicine. There’s much work to 
do. And NIH (2007) has announced the creation of an NIH Working Group 
on Women in Biomedical Careers “to examine issues raised in the recent Na¬ 
tional Academies report, Beyond Bias and Barriers . . . and to respond to the 
challenges issued to government funding agencies to maximize the potential 
of women scientists and engineers.” NIH director Elias Zerhouni and Dr. Pinn 
will co-chair the Working Group. 

Statistics from the Association of American Medical Colleges show that while 
women account for 47 percent of all medical school graduates, they hold few 
senior positions. For instance, women make up just 15 percent of those with 
the rank of full professor. Of the 1,971 clinical department chairs at U.S. med¬ 
ical schools, women occupy 176 of those positions. And the percentage of 
women on medical faculties has been increasing by about 1 percent a year, 
meaning that women aren’t likely to hit the 50 percent mark until around 
2025 (Ipaktchian 2006). 

Gender differences in rank and salary across university campuses have 
indeed begun to be documented (AAiJP Faculty Gender Equity Indicators 
2006). It is essential that institutions keep score, monitoring what can reflect 
both overall performance and particular hot spots. Such indicators also de¬ 
personalize what can be excused as “personality conflict,” “isolated incidents,” 
and “anomalies” to expose biases deeply ingrained in departmental and fac¬ 
ulty treatments. Again, this is culture change, that is, change of behavior, per¬ 
ception, and professional practice. 
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A second NIH-centered example draws on research to modify the ground 
rules for a grant competition and change agency practice in the process. A 
new study focuses on NIH’s Clinical and Translational Science Award, a pres¬ 
tigious award that will fund principal investigators (Pis) at academic health 
centers. Annual budgets will exceed $10 million. Given the finding from 
controlled studies that both men and women preferentially select men for 
leadership positions, even when credentials of men and women are compa¬ 
rable, concern that unconscious stereotypes will result in the selection of male 
leaders is well founded. 

To mitigate the impact of this bias and broaden the pool of potential lead¬ 
ers for this NIH initiative, Carnes and Bland (2007) recommend that academic 
health centers specify the skills they seek, constitute a search committee that 
is at least one third women, and increase awareness of the impact of uncon¬ 
scious gender bias on women’s advancement. The authors also recommend 
that NIH institute a multiple PI rule, include in the request for applications a 
statement encouraging diversity among Pis, call attention to the importance 
of work-life balance for young investigators, and constitute study sections that 
are at least one third women. The aforementioned NIH Working Group on 
Women, it seems, has another item for its action agenda. 


Conclusion 

Reports by now have amply documented the disadvantages that federal pro¬ 
grams inflict on women competing for scarce resources, notably compliance 
of NSF, NIH, and USDA with Title IX (Hosek et al. 2005). Title IX continues 
to be seen as a policy lever underutilized outside of college athletics. But the 
burden of proof of discrimination makes this more a public policy issue and 
a consciousness-raising tool than a legal remedy. Science, despite policy in¬ 
junctions, remains a collegial activity. On a case-by-case basis, informal norms 
are still likely to trump formal sanctions. 

In the end, leadership—and the will to enforce—are critical for change, 
especially since time has only hardened perceptions on all sides. As we ap¬ 
proach the end of the first decade of the 21st century, we scientists should 
remember that 

in a diverse community that has long welcomed citizens of foreign nationality, 
there is great consciousness, reinforced by census categories and requests for 
self-identification, about who is participating and who is not—with the inevitable 
search for explanations that range from individual differences in interest and 
aptitude [a foreshadowing of Larry Summers] to structural barriers of prejudice 
and discrimination. (Chubin and Pearson 2001, 88) 
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Citizens of a democracy expect their government to craft solutions, not per¬ 
petuate problems. Given the federal apparatus for monitoring, investigating, 
and enforcing the laws of equal opportunity and treatment in the workplace, 
we would hope gender inequities to be little more than a historical footnote. 
Alas, that is not the case, even in the merit-based communities that scientists 
inhabit and claim to honor. Sensitivity and vigilance may be organizational 
imperatives, but human judgment allows gender to persist as an analytical, 
career, and federal issue. QSee also Chemistry; Discrimination; Professional 
Societies) 
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Suzanne Gage Brainard 


Historically, men have traditionally dominated the fields of science and par¬ 
ticularly engineering. However, the civil rights movement in the 1960s and 
Title IX in the early 1970s made possible the increase in women pursuing ca¬ 
reers in the science and engineering professions during the early 1970s (Selby 
1999). In the 1980s the National Science Foundation (NSF) projected a serious 
shortfall of scientists and engineers (National Research Council 1994). In order 
to keep the United States’ competitive edge, the rationale followed with the 
need to target other pools of talent such as women and minorities to meet 
the demands of the workforce. Coupled with the legislative policies of the 
1960s and 1970s, the idea that women and minorities are an untapped source 
for the scientific and engineering workforce became a driving argument to 
fuel policy initiatives in the 1980s. The 1990s cast doubt on the accuracy of 
those NSF projections. Regardless, by the middle of the 1990s both the science 
community and the industrial sector began to see the advantages of diversity 
in the science community as well as the workforce. 

In many ways, the industrial sector was quicker to see the advantages of 
diversity. Since corporations were facing shortages of traditional male em¬ 
ployees, they became aware that the workforce of the future was either not 
going to exist or it would need to look very different from the workforce of 
today. Recognizing the need to build a workforce as diverse as possible, 
global corporations began to think in different ways and to take serious steps 
to create a diverse, well-trained, and multicultural workforce. Faced with a 
decrease of general interest in science and engineering careers and an in¬ 
crease in demand for scientists and engineers, companies worldwide began 
to look beyond the traditional pool of talent (largely men) and target the other 
half of the population, women. To do this, companies implemented recruit¬ 
ment and retention strategies to increase the participation of women and mi¬ 
norities. Some of these included affinity groups (for women, minorities, people 
with different sexual orientations, and so on), mentoring programs, and career 
development seminars. Many of these are still highly successful. 


www.abc-clio.com 


259 

ABC-CLIO 


1-800-368-6868 


260 Women, Science, and Myth 


Among those college educated in the science and engineering (S&E) work¬ 
force in 2003, 27 percent were women (CPST, specially derived analysis 2007). 
If the social sciences are removed, 24 percent were women of the S&E work¬ 
force. However, when one looks closely at the data, it is clear that women 
are often found in some but not all subspecialties. For example, if one looks 
only at the engineering occupations, 11 percent were women, whereas in 
science occupations, 31 percent were women. Finally, among scientists and 
engineers within industry, 38 percent were women. This is an increase from 
28 percent in 1993. 

Furthermore, occupational segregation exists horizontally in the top leader¬ 
ship of women in corporations. Proportionately, very few women are in top 
leadership positions in corporations. Top leadership positions could include 
the chief executive officer, vice presidents of marketing or research, general 
managers, or directors. Within the corporate environment, there are barriers 
that inhibit women’s progress at every stage. As noted in the National Acad¬ 
emy of Sciences Report (National Research Council 1994), these include 

• Recruitment and hiring practices that create de facto entry barriers for 
women 

• Allegations of reverse discrimination 

• Sexual harassment 

• Different standards for women and men 

• Disparities in the distribution of high-quality job assignments 

• Salary discrepancies based on sex 

• Failure of corporations to accommodate work-family issues 

• Difficulty for women to advance into management 

To some extent, each of these barriers noted in 1994 still exists today. How¬ 
ever, legislation to protect women and minorities from discrimination and 
provide equal opportunities has helped to ease some of these—but not com¬ 
pletely. Plus, corporations have begun to recognize the benefits of diversity, 
issues of balancing family and career, issues of childbearing, different sexual 
orientations, and the importance of a friendly corporate climate. By making 
strides to change the corporate culture to one that is friendly for women and 
minorities, the culture also becomes equally effective for all employees. 

In closing, not one country in the world can boast of gender and racial eq¬ 
uity in its academic institutions or employment sectors. Some countries have 
mobilized their efforts to establish initiatives to effect change in the academic 
infrastructure, yet most of these are marginal rather than systemic initiatives 
and flounder when funding is curtailed. With almost two decades of initiatives 
in the United States to increase the participation of women and minorities 
in engineering, some progress has been made. Enrollments alone for women 
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have increased from 2 percent in the early 1960s to slightly less than 20 per¬ 
cent and to less than 10 percent for minorities in 2006. And women engineers 
and scientists in the industrial sectors of the workforce fluctuate between 8 
and 10 percent (NSF 2006). 

The United States is still facing declines in science and engineering enroll¬ 
ments and demographic shifts, a call from industry to better prepare scientists 
and engineers for the workforce, a backlash against affirmative action pro¬ 
grams, and a public outcry for quality education and accountability from cor¬ 
porations and educational institutions. However, the cry for diversity in the 
educational system, the corporate world, and the other sectors is stronger than 
ever before and is making changes in the ways that people think and act. 
(See also Discrimination) 
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Daryl E. Chubin 


Validation and Participation 

Professional societies play a unique role in the lives of scientists and engi¬ 
neers. As nonprofits or NGOs (nongovernmental organizations), “scientific 
societies” augment, mediate, enhance, and reward behavior that flows from 
collegial relations and validates professional contributions and status. Such 
validation extends beyond what employing institutions can offer. Scientists, 
after all, work in communities. Those communities tend to focus on separate 
aspects of the academic life: research, teaching, and service. Professional so¬ 
cieties promote all three. They value the feedback from various quarters of the 
community—be it from sponsors, journals, collaborators, or competitors— 
and remind their members that a world beyond one’s employing institution 
seeks to consume the knowledge, skills, advice, and just plain presence of 
“citizen-scientists.” These consumers include local schools, community organ¬ 
izations, companies, and government agencies concerned about the next gen¬ 
eration of skilled workers educated and trained in science and engineering. 

Gender intersects with professional societies in predictable ways. Science, 
being merit based, should be gender and race blind in the evaluation of con¬ 
tributions to knowledge and the production of new professionals. But advan¬ 
tages accumulate in ways that “the rich get richer and the poor poorer.” In 
the aggregate, women and persons of color have had fewer opportunities, 
less access, modest resources, uneven mentoring, and so on (Shaywitz and 
Hahm 2004). The result, disaggregated and displayed over time in Bell, Di 
Fabio, and Frehill (2006), is higher attrition at the baccalaureate and graduate 
levels, less ascendance through the faculty ranks, and fewer professionals from 
these underrepresented groups in leadership positions throughout the sci¬ 
ence and technology (S&T) workforce and, indeed, in American society. 

Professional societies recognize these dynamics. Until the mid-20th century, 
it has been alleged that they too, at least in the physical sciences, practiced 
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gender discrimination (Byers and Williams 2006). Unfortunately, “glass ceil¬ 
ings” and “mommy tracks” have not receded completely into the past. 

In recent decades, scientific societies have often been at the forefront of 
exposing education and workplace disadvantage and reducing inequities. As 
the public-private partnership, Building Engineering and Science Talent (BEST) 
writes (2004, 15), 

As symbols of achievement and leadership, scientific and professional societies 
can play a major role in expanding opportunities for women and minorities in 
the science and engineering workforce. Through their basic activities, they en¬ 
sure that women and minority scientists share in the professional rewards of 
their discipline and are given prominence as role models. . . . 

For example, giving an invited talk at a national meeting is an important sign 
of being a recognized expert in a field, yet women and minorities have often 
been overlooked. Professional societies can help correct this by appointing or 
electing balanced program committees . . . and seekfing] nominations from the 
broadest candidate pool. . . . 

Most professional societies have educational programs aimed at their mem¬ 
bers or students who may become future members. Working to increase diver¬ 
sity should be an explicit part of whatever type of educational program is 
offered. . . . But just as professional societies can help increase the diversity 
within a field, so can they retard it. If the honors and recognitions they confer 
are narrowly distributed by and to members of an “old-boys club,” the careers 
of women and minorities will be hindered in many ways. The field will look 
less attractive to the next generation, recruitment will suffer and the field will 
lose talent. 

This is an apt description of computer science and engineering, which has 
seen a downward trend in women’s enrollment and degree-taking at all levels 
over the last 20 years (American Association for the Advancement of Science 
2005; Chubin, Malcom, and Babco 2005). Regardless of interest or academic 
preparation, students will not go where they do not feel welcome. So the “IT 
revolution,” as it were, continues without the contributions of a large segment 
of talent, mostly women. 


Scientific Societies as Change Agents 

There are several varieties of scientific societies: multidisciplinary (American 
Association for the Advancement of Science, or AAAS; Sigma Xi—the Scien¬ 
tific Research Society), disciplinary (American Chemical Society, or ACS; Amer¬ 
ican Physical Society, or APS; Federation of American Societies for Experimental 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Professional Societies 265 


Biology, or FASEB), and targeted (Society of Women Engineers, or SWE; 
Women in Engineering Programs and Advocates Network, or WEPAN; Asso¬ 
ciation for Women in Science, or AWIS). Among these are 30 with “women” 
and “science,” “technology,” or “engineering” in their name. Many are inter¬ 
national as well (see “Women-Related Web Sites in Science/Technology” 2007). 
These societies are voluntary organizations that reinforce professional iden¬ 
tity, provide forums for face-to-face interaction, and represent a special kind 
of “club” for those who elect to join. 

Scientific societies can be advocates and watchdogs, too. Not to be under¬ 
estimated is the power of the policy statements issued by their boards of di¬ 
rectors (typically sage scientists and engineers recruited from the membership 
ranks). For example, a notable statement issued in 1974 by the AAAS Board 
on “Equal Opportunity in the Sciences and Engineering” recognized “that 
complex social, economic, and political forces have combined in the past to 
discourage women . . . from entering the sciences and engineering, and to 
deny those who do enter equal access to positions of respect and authority.” 
In response, AAAS transformed its own governance to achieve greater diver¬ 
sity among officers, board, and senior staff and sought to raise awareness of 
these issues at the highest policy levels. Twenty years later, AAAS issued a 
“Statement on Discrimination in the Workplace,” and in the wake of Larry 
Summers’s uninformed remarks at Harvard about women’s “intrinsic apti¬ 
tude” for science reaffirmed its policies to promote the participation of 
women, minorities, and persons with disabilities, observing that academe lags 
behind industry and government in achieving a diverse workforce (American 
Association for the Advancement of Science 2005). 

Some scientific societies serve a scholarly function as well by sponsoring 
symposia and publishing as a way of keeping gender equity in the forefront 
of their members’ consciousness. In December 1975, AAAS hosted a confer¬ 
ence, funded by the National Science Foundation (NSF), on a phenomenon 
that had received little attention in the science community —The Double Bind: 
The Price of Being a Minority Woman in Science (Malcom, Hall, and Brown 
1976). This landmark examination of the combined effects of gender, race, 
and ethnicity on career development showed that what awaits minority women 
who pursue a pathway in science is not pretty. As a reflection on the science 
community, it was an indictment of how ascribed characteristics seemed to 
subvert opportunity and achievement for those who had earned credentials 
but (in the prefatory words of AAAS Executive Officer William D. Carey) “are 
excluded from the mainstream.” 

If we fast-forward 30 years, the prospects are brighter but the picture re¬ 
mains dim. For example, an American Chemical Society (2006) collection 
features 10 chapters on the reasons for “underrepresentation of women in 
academic science,” examining the factors “hindering women from attaining 
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and advancing in these positions.” Virtually every science and engineering 
society has produced similar volumes over the last decade. Such “self-study” 
is both vital and therapeutic, celebrating progress while grappling with those 
forces within disciplines and institutions that resist efforts to enhance partic¬ 
ipation by all. 

What should not escape our notice from these examples is that professional 
societies are at the forefront of efforts to probe for evidence of “chilly cli¬ 
mates” and to inspire scholars to explain why gender inequities persist (e.g., 
Davis et al. 1996), especially as they intersect with race, ethnicity, and class 
(e.g., Leggon 2006). They also serve as rallying cries for society members 
and as pressure points for others to exploit. 


Title IX—A Public Policy Case Study 

The voice of scientific societies can become a drumbeat of advocacy for 
actions to be taken by the very organizations that employ or fund. A recent 
example is the application of Title IX, a law implemented over 30 years ago 
in athletics, to women in science. The issue is not the absence of policy to 
induce change but rather the enforcement of existing policy. 

The report also urges higher education organizations to consider forming 
a collaborative, self-monitoring body that would recommend standards for 
faculty recruitment, retention, and promotion; collect data; and track com¬ 
pliance across institutions. 

The Society for Women Engineers has dedicated its public policy apparatus 
to Title IX. By positioning itself as a resource for government and policy mak¬ 
ers, it seeks to educate its members on the legislative process and provide them 
with the tools they need to become more involved in public policy advocacy. 
This approach is instructive, providing Web access (Society of Women Engi¬ 
neers 2007) to the following types of information: 

• The Legislative Process. Being effective on Capitol Hill requires re¬ 
viewing the legislative process. Thus, we provide an overview of the 
legislative process and how a bill becomes a law. 

• Communicating with Congress. Your members of Congress want to 
hear from you, but congressional offices receive thousands of e-mails 
and letters daily. Therefore, it is very important to send your e-mail/ 
letter in such a way that it does not get lost in the masses. 

• Roles of Congressional Staff. Each member of Congress has staff to 
assist him or her during a term in office. To be most effective in com¬ 
municating with Congress, you should know the titles and principal 
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functions of key staff. They will be your primary contacts in the con¬ 
gressional office. 

• Guidelines for Congressional Visits. While your member of Congress 
or his or her staff would like to meet with you, meetings typically only 
last 15-20 minutes. It is important to plan out your meeting ahead of 
time, especially if more than one constituent is present. 

• Summary and Legislative Status on Legislation of Interest to SWE. 
While there are numerous education-related bills introduced each 
Congress, only a handful of these bills proceed past the committee 
level of the legislative process. 

• Representing SWE. To date, the SWE Board of Directors has approved 
two general Society position statements: one on the need to improve 
science, technology, engineering, and mathematics (STEM) education 
in America’s schools and the other regarding the application of Title 
IX to STEM fields. 


Access and Recruitment 

Professional societies are integral to a world closed to those neither creden- 
tialed nor employed in an organization valued in that world. This is one 
outcome of professionalization in which experts prefer to interact with like- 
experts. So how does one negotiate this world, internalize its norms, and 
learn “what matters” to excel professionally? How, for instance, does one be¬ 
come informed about employment opportunities? Further, how does one 
become a real candidate instead of treated as a token or mere window dress¬ 
ing to comply with federal and state “fairness doctrines”? 

Women in science and engineering have long endured faux searches. The 
Chronicle of Higher Education occasionally publishes essays on the experi¬ 
ences women have had in the search process. Professional societies can be 
potent antidotes to access inequality and the mischief one might encounter in 
academic recruitment and hiring. Many societies have caucuses, registries, and 
databases, in addition to committees, to aid in faculty or other searches. 

Today there are well-known strategies for conducting inclusive searches 
that afford women and underrepresented minorities an opportunity to join 
the pool of eligibles and compete for late-stage campus visits and interviews 
(Smith et al. 2004). Ethnic-affiliated and women’s professional societies exist 
in science and engineering disciplines to act as resources for such searches, 
to promote networking, and to offer career assistance for prospective candi¬ 
dates. Such assistance can take many forms: programs, mentoring, professional 
development seminars. All are intended to convey a simple reality: you are 
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not alone and are not the only individual experiencing the “chill” that a life 
in science sometimes—indeed, more often than not for women—brings. The 
problem is typically “out there” in the workplace environment, not “in here”— 
between the scientist’s ears or as a figment of her imagination. 


Advancement—The Meaning of Full Participation 

The playing field is hardly level. As Joseph McGrath, a MentorNet mentor at 
Los Alamos National Laboratory, observes, “Through all my years since 1969, 
men have outnumbered women in engineering and scientific fields by a huge 
margin. It is clear that much more work is required to achieve complete 
equality in the workplace.” But there is good news, too, courtesy of a kind of 
professional organization known as MentorNet (http://www.mentornet.net/). 
Studies suggest that women engineering and science students who are in¬ 
volved in mentoring relationships with either women or men mentors are 
more committed to and more likely to persist in their fields of study and are 
also more likely to earn degrees in engineering, related sciences and tech¬ 
nology, and mathematics. 

MentorNet is an award-winning nonprofit e-mentoring network that posi¬ 
tively affects the retention and success of those in engineering, science, and 
mathematics, particularly but not exclusively women and others underrepre¬ 
sented in these fields. Founded in 1997, MentorNet provides highly motivated 
proteges from many of the world’s top colleges and universities with pos¬ 
itive, one-on-one, e-mail-based mentoring relationships with mentors from 
industry, government, and higher education. In addition, the MentorNet Com¬ 
munity provides opportunities to connect with others from around the world 
who are interested in diversifying engineering and science. 

To appreciate the reach of MentorNet and the role of “connectedness” that 
a professional association can create even at a distance, it is important to re¬ 
view the 2005-2006 MentorNet demographics (see Table 1). 

Through voluntary disclosure, MentorNet also knows the ethnic diversity 
of its mentors and students that have been matched and are currently partic¬ 
ipating in one role or the other. For example, more than half of the students 
(55 percent) and almost three in four mentors (72 percent) are White. Yet 
there are twice as many Asian (30 percent) and African American (10 percent) 
students, respectively, as mentors (17 percent Asian, 4 percent African Amer¬ 
ican). Hispanics/Latinos represent equal proportions of the student (6 per¬ 
cent) and mentor (5 percent) pools. The same holds, though at more modest 
levels, for American Indians (1 percent students, 2 percent mentors). 

These similarities and differences hint at various issues. Most MentorNet 
mentoring occurs predominantly at the undergraduate level, with engineering 
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Table 1. MentorNet Demographics, 2005-2006 


New Community Members 
Total Community Members 
Matched Pairs 

Participating Colleges and Universities 
Number of Companies Represented by Mentors 
Companies with Largest Numbers of Mentor Volunteers 


6,905 

16,524 

2,523 

111 

1,045 


IBM 

HP 

3M 

Texas Instruments 
Cisco Systems 
Schlumberger 


335 

246 

175 

76 

48 

42 

375 


Resumes Posted during Fiscal Year 


Countries Represented (Matched) 


Students 8 
Mentors 41 


Nationalities (Citizenships) Represented (Matched) 


Students 97 
Mentors 67 


Mentors by Gender (Matched) 

6l% Female 
39% Male 

Students by Gender (Matched) 

76% Female 
24% Male 

Students by Degree Program (Matched) 

3% Associates 

65% Undergraduates (34% freshman/sophomore; 31% junior/senior) 

12% Master’s 
16% Ph.D. 

4% Postdoc 
1% Untenured Faculty 
Students by Fields of Study (Matched) 

4% Business 

17% Computer Sciences/Computer Engineering (CS/CE) 

55% Engineering (See separate listing for CS/CE) 

2% Environmental Sciences (including Geology, Earth Sciences) 

13% Life Sciences (including Agricultural and Biological Sciences) and 

Mathematical Sciences (including Chemistry, Physics, Math, Astronomy) 

Source: http://www.mentornet.net/documents/about/results/0506stats.aspx, reprinted with 
permission of Carol B. Muller. 
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far and away the dominant field. Three of five mentors and three of four 
students are women. Mentors from information technology companies are 
the most common. Overall, the number of participating companies exceeds 
faculty mentors at universities almost by an order of magnitude. Over its 
decade of existence, MentorNet has raised the profile of mentoring and fos¬ 
tered relationships that deliver advice to women in science and engineering 
regardless of discipline or physical location. Though effectiveness is an elu¬ 
sive quality to measure, evaluation of MentorNet’s approach indicates high 
satisfaction of mentors and proteges and valuable professional socialization 
of proteges (Muller 2007). Surely, these relationships reduce the learning curve 
and sense of isolation by introducing students into networks that form within 
specialized communities. 

It is important to begin harvesting the lessons of MentorNet participants as 
their careers evolve. A mentored scientist recognizes that every successful 
professional needs assistance at critical junctures: you give what you get. This 
is an intergenerational responsibility that builds trust and confidence, clarifies 
expectations, and rewards giver and receiver alike. 


Symbolism and Conclusions on What’s Possible 

In our iconic “American Idol” culture, symbols matter. Who competes to win 
is increasingly decided by popular vote. Who sponsors or sanctions the 
competition imparts credibility—on one’s candidacy, talent, and perform¬ 
ance. So it is with the National Academies’ report, Beyond Bias and Barriers 
(Committee on Maximizing the Potential of Women in Academic Science and 
Engineering 2006), which suggests a role for professional societies in con¬ 
junction with higher education associations to monitor progress toward 
gender equity in science. The American Council on Education is named as 
convenor of other relevant groups—for example, the Association of American 
Universities and the National Association of State Universities and Land-Grant 
Colleges—to discuss formation of a monitoring body. 

In addition, the report urges honorary societies to review their nomination 
and election procedures to address the underrepresentation of women in their 
memberships. The committee calls on scientific and professional societies to 
assist in setting professional and equity standards; collect and disseminate data; 
provide professional development training that addresses evaluation bias; de¬ 
velop guidelines to ensure diversity of invited speakers at society events; en¬ 
sure “reasonable representation of women on editorial boards and in other 
significant leadership positions”; nominate women for awards and leadership 
positions; and “provide child-care and elder-care grants or subsidies so that 
their members can attend work-related conferences and meetings.” 
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Juxtapose this recommendation against one made at the 1995 NSF- 
hosted Women & Science Conference (National Science Foundation 1997): 
“Strengthen connections between organizations that have a stake in the par¬ 
ticipation of women in the sciences and engineering, such as the corporate 
and academic worlds, the formal and informal education sectors, associations 
of women and associations of sciences, and between higher education and 
K-12 schools.” 

Not much has changed: we know what to do, but can institutions be moved 
to act? Scientific societies can supply the clue to make symbolic actions stick: 
who runs for society offices, who interacts with leaders from the political 
arena, who brands efforts as being progressive and worthy of broad support? 
In the symbiotic world of science and engineering, the professional societies 
can do—relentlessly—what others cannot. But organizations age like people. 
Will the change agent become stodgy and sedentary? Can societies compel 
their constituencies to put gender in its proper place in the 21st century? For 
the future of science, if not society, let us—in the name of excellence, equity, 
and self-interest—hope so. (See also Discrimination; Federal Agencies; Gender 
and Occupational Interests) 
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Discrimination 

Sue V. Rosser 


Influence of Notions of Male Superiority/Female Inferiority on 
Scientific Theories 

Discrimination against women in science has a lengthy history intertwined 
with beliefs about masculinity, femininity, and their association with science. 
As suggested by the entries on antiquity and the medieval era, views of 
women’s inferiority led to flawed scientific “facts” that reinforced prevailing 
gender notions. Aristotle “counted” fewer teeth in the mouths of women than 
in those of men—adding this dentitional inferiority to all the others. Galen, 
having read the book of Genesis, “discovered” that men had one less rib on 
one side than women did. Clearly, observation of what would appear by to¬ 
day’s standards to be easily verifiable facts were seen incorrectly because of 
the expectations and paradigms under which the scientists operated. 

The roots of the bias of women’s inferiority on theories of human repro¬ 
duction can be traced back through the preformationists to Aristotle. Nancy 
Tuana argues that “adherence to a belief in the inferiority of the female cre¬ 
ative principle biased scientific perception of the nature of woman’s role in 
human generation” (Tuana 1989, 147), thereby illustrating ways in which the 
gender/science system informs the process of scientific investigation. 

Scientists today recognize numerous flaws in Aristotle’s biology. Certainly 
his ideas that women are colder than men and therefore less developed and 
that women are “not the parent, just a nurse to a seed” (Aeschylus 1975, 666- 
669) are not acceptable to modern biologists. His ideas about woman’s infe¬ 
riority and man’s providing the form and motion of the fetus were not only 
perpetuated in one form or another until the 11th century but they also 
influenced the notion of preformation. While looking at “systematic animal¬ 
cules” under the microscope, Van Leeuwenhoek claimed to observe two kinds 
of spermatozoa, one from which the male developed and the other from which 
the female developed (Tuana 1989, 165). Clearly an example of androcentric 
bias influencing observation, Van Leeuwenhoek’s “seeing” the preformed 
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homunculus in the sperm makes sense in light of the basic belief in the pri¬ 
macy of the male and his active role in reproduction, which fit with social 
stereotypes regarding the passivity and inferiority of women for the previous 
2,000 years. 

Notions of gender roles continue to influence descriptions of natural phe¬ 
nomena in modern science. As early as 1948, Ruth Herschberger wrote a most 
amusing account of fertilization. By reversing the sexes, she drew attention 
to the extreme activity and importance assigned to the sperm as contrasted 
with passivity and insignificance given to the role of the egg in fert il ization. 
Developmental biologists have suggested that these same stereotypes of fe¬ 
male inferiority and passivity may influence current reproductive and devel¬ 
opmental theories. Anthropologist Emily Martin (1991) reviewed the language 
that science used to describe fertilization in “The Egg and the Sperm: How 
Science has Constructed a Romance Based on Stereotypical Male-Female Roles” 
to explore how the gendered language continues to permeate theories of 
reproduction. 

Work on Bacon helped to untangle the role of gender as well as class at 
the birth of modern science in the 17th century. Nature was deemed female 
and knowable; the task of the scientist was male domination over nature. Only 
men could be members of the Royal Society and serve as valid witnesses for 
scientific experiments. Even when women were allowed to be present during 
an experiment, their vote did not “count” (Potter 2001). The modern mech¬ 
anistic notion of science represents a masculine approach to the world by 
which men are given the authority to dominate and control both women and 
nature, including discriminating against women scientists by preventing them 
from receiving a scientific education and training, prohibiting their obtaining 
posts in laboratories and universities, blocking their admission to professional 
scientific societies, and defining their work as nonscience and/or not worthy 
of recognition and reward. 


Individuals Who Became Scientists despite Discrimination 

Although women have always been in science, all too frequently the work of 
women scientists has been credited to others, brushed aside and misunder¬ 
stood, or classified as nonscience. Demonstrating that women have been suc¬ 
cessful in traditional science is important as it documents that women can do 
science despite extreme barriers and obstacles. 

Ann Sayre’s (1975) biography of Rosalind Franklin underscores the fact that 
the “discovery” of the double helix by Watson and Crick could not have oc¬ 
curred had they not used, without her authorization or knowledge, Franklin’s 
x-ray diffraction picture of DNA. Sayre also revealed, by cleverly emphasizing 
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Watson’s own words from his account of the discovery in The Double Helix 
(1969), the sexist behavior of Watson toward Franklin. Not only did he use 
her work without her knowledge but he also falsely assumed that she had 
been brought into the lab to assist Wilkins. In fact, she had been invited to 
join the group as an equal to Wilkins and held superior experience to his in 
x-ray diffraction. Sayre records the disparaging comments made by Watson 
about Franklin’s personality and physical and sexual attractiveness. The lack 
of recognition of Franklin’s significant contribution to the double helical model 
was aided by her discrediting at the hands of a male colleague. He empha¬ 
sized her unmarried state as an indicator of her difficult personality and sexual 
unattractiveness rather than as a signal that she wished to pursue a serious 
career in science. 

H. Patricia Hynes (1989) found that Rachel Carson’s unmarried status and 
emphasis on her personal characteristics were also used by her male col¬ 
leagues to undermine the significance of her work. Hynes chronicles Carson’s 
recognition that pesticides developed for chemical warfare during World War 
II and marketed as necessary for crop production after the war were biocides 
harmful to people and animals, although profitable for the chemical industry. 
Despite the extensive efforts of agribusiness and the chemical industry to dis¬ 
credit Carson’s work, her book Silent Spring made the public aware of the 
problem and led ultimately to the establishment of the Environmental Pro¬ 
tection Agency (EPA). Hynes’s account of Carson reveals a woman whose life 
was inspired and fulfilled by both her work and her strong friendships with 
women. Although they rejected the propaganda painted by government and 
pesticide-industry officials that her work was flawed and exaggerated, Car¬ 
son’s previous male biographers had accepted the negative image of Carson 
as a lonely spinster. 

Despite Barbara McClintock’s work in 1931 with Harriet Creighton in which 
they provided the evidence for crossing over between chromosomes that 
firmly established her reputation as a geneticist, her work on genetic trans¬ 
position was neither understood nor accepted. When McClintock finally re¬ 
ceived the Nobel Prize in Physiology or Medicine in 1983 for the theory, 
several aspects of her and her work appealed to the scientific and popular 
media: McClintock’s work represented significant discoveries in basic research 
that had enormous practical applications not anticipated initially; the im¬ 
portance of her work was ignored and misunderstood by her colleagues for 
almost 40 years; she worked alone without the benefit of sophisticated equip¬ 
ment or substantial funding; and McClintock was a woman scientist who 
embodied other unusual personal characteristics such as a lack of interest in 
material personal possessions and a status of being single. 

Franklin, Carson, and McClintock exemplify individual women who received 
recognition as scientists despite having their work devalued or credited to 
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others and not holding secure positions of the type traditionally held by male 
scientists of their stature. Scholars studying each of these individuals brought 
to light the particularities of appropriation of Franklin’s work by Watson and 
Crick (Sayre 1975), undermining and discrediting of Carson’s work by agri¬ 
business and the chemical industry (Hynes 1989), and failure to understand 
the significance of McClintock’s work on the genetics of complex organisms 
(Keller 1983). The case studies of these individuals—how the discrimination 
they experienced prevented them and their research from achieving rewards 
and the potential they might have—provide an important mechanism for re¬ 
vealing the impact of discrimination against individual women scientists and 
their careers at a time when discrimination against women scientists was not 
illegal. 


Challenges to Institutional Discrimination against Women as Scientists 

Arising from the civil rights movement in the 1960s, the women’s movement 
used legal means to challenge quotas and other forms of institutional and 
structural discrimination against women. Unlike the professional schools such 
as law and medicine that had stated quotas limiting the numbers of Jews 
and women, the admissions criteria and numbers of women, Jews, and racial/ 
ethnic minorities for U.S. graduate schools in science remained vague. 

Pieces of legislation such as the Equal Pay Act of 1963 and Title VII of the 
1964 Civil Rights Act directly impacted women scientists. Title IX, passed in 
1972, applied to all aspects of higher education, not just athletics, as many 
believe today. Title IX not only made quotas for admission against women in 
medicine and law illegal but it also led to scrutiny of applications and admis¬ 
sions practices in other parts of the university, including science departments. 
The finding that the nepotism rules common at most universities—preventing 
married couples from both holding tenure-track positions—were illegal greatly 
enhanced the careers of many women scientists. Overnight, many prominent 
women Ph.D.s who had been relegated to lifetime roles as permanent lec¬ 
turers or research scientists because they were married to tenured men be¬ 
came tenured full professors. 

Removal of nepotism rules especially impacted women scientists since some 
60 percent of women scientists are married to men scientists. Obviously, the 
reverse is not the case or few male scientists would be married. Often these 
scientific couples meet in graduate school and work in the same subfield. Al¬ 
though removal of nepotism rules lifts the legal prohibition against scientific 
couples holding tenured positions in the same institution, subtle forms of dis¬ 
crimination continue to serve as barriers to married women seeking these 
positions. If married couples work and publish on the same problems, the 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Discrimination 277 


woman’s name is usually placed in an inferior position on the paper; this 
is a result of conventions in the profession or the man’s role as head of the 
laboratory or family decision making, ensuring that he receives credit and 
promotion. 

In some cases, the wife who worked with her husband as a scientist may 
not have had her name on the publication. The recent controversy surrounding 
the role of Einstein’s first wife, Mileva, in his famous four papers published 
in 1905 demonstrates the no-name and no-credit phenomenon faced by 
women scientists who worked with their husbands. Mileva Marie Einstein was 
the first wife of Albert Einstein and mother of his two sons. Despite the fact 
that he worked six days per week as a civil servant, during a seven-month 
time span in 1905, Einstein published four articles in the top European physics 
journal, Annalen der Physik, that provided the framework for 20th-century 
physics. The first focuses on quantum of light and photoelectric effect, which 
led to his Nobel Prize in 1921. The second paper gave reasons for Brownian 
motion and evidence for atomic theory. The third proved the special theory 
of relativity, and the fourth demonstrated the equivalence of mass and en¬ 
ergy, the famous E = me 2 (www.pbs.org/opbeinsteinswife/science/1905htm; 
retrieved 8/29/06). 

Several credible scientists believe that Mileva may have collaborated on 
some of these papers; Soviet scientist Abram Joffe claims to have seen her 
name as well as that of Einstein on the 1905 papers. Einstein gave Mileva the 
money from the Nobel Prize, although they were already divorced. Both the 
editors of The Collected Papers of Albert Einstein and a group from American 
Association for the Advancement of Science (AAAS) who debated Mileva’s 
contribution failed to definitively weigh in on her role in the 1905 papers. 
The editors of his papers stated, “We have found no documentary evidence 
that would demonstrate her active participation in his scientific work, but we 
do not endorse the view that she took no part in it. We simply do not know” 
(www.pbs.org/opbeinsteinswife/science/1905htm; retrieved 8/29/06). 


Role of the Equal Opportunities Act and National Science 
Foundation (NSF) 

Similar lack of knowledge of their contributions continued to plague women 
scientists even in the wake of the legislation of the 1960s and 1970s. The 
intertwining of the gender myths that only men had the ability to become 
scientists, coupled with the myth of meritocracy for the selection of graduate 
students and scientists, required data to demonstrate that discrimination ex¬ 
isted. The Science and Technology Equal Opportunities Act of 1980 mandated 
that the NSF collect and analyze data and report to Congress on a biennial 
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basis on the status of women and minorities in the science and engineering 
professions. Starting in 1982, these biennial reports on women and minorities 
in science and engineering, to which persons with disabilities were added in 
1984, provided the data documenting that science and engineering have 
lower representation of men of color and women than their proportions in 
the U.S. population overall. These reports laid the statistical foundation for NSF 
officials to plan program initiatives to address these underrepresentations. 

NSF funded several initiatives targeting various segments of the science 
and engineering pipeline. Graduate Fellowships for Women provided an in¬ 
centive for women graduate students to remain in graduate school and com¬ 
plete their Ph.D.s. These fellowships provided support for individual women 
and their individual research in science and engineering. Career Advancement 
Awards (CAA), initiated in 1986, focused on advancing the careers of individual 
women by providing them funds to pursue their own research agendas. By 
targeting junior women, CAA used a combination of release from teaching 
and recognition of potential to make a significant research contribution to 
place these women on a fast track to academic success in science or engi¬ 
neering research. 

Visiting Professorships for Women (VPW), initially established in late 1982, 
sought to retain women who already had faculty appointments in science and 
engineering and to provide them with research opportunities and exposure 
to further their careers. The primary thrust of VPW underwrote the research 
goals and projects of individual women scientists. VPW facilitated women’s 
exposure to new equipment, new approaches, and the different environment 
of another institution as mechanisms to boost their research and/or provide 
new exposure. 

Although support of research of individual women scientists and engineers 
served as the predominant focus for the VPW during most of its 14-year his¬ 
tory, each VPW was required to spend approximately 30 percent of her time 
and effort attracting and retaining women scientists and engineers at the in¬ 
stitutions they were visiting. VPWs engaged in activities such as forming chap¬ 
ters of the Society of Women Engineers (SWE), establishing mentor networks 
among women graduate students, and teaching women in science courses 
jointly with women’s studies programs. 

Recognizing that efforts to target minorities and White women would not 
work as long as the system remained unchanged, the Directorate of Education 
and Human Resources at NSF began to focus on systemic initiatives. NSF es¬ 
tablished the Program for Women and Girls (PWG) in 1993 to explore com¬ 
prehensive factors and climate issues that may systematically deter women 
from science and engineering. In addition to dissemination projects, PWG in¬ 
cluded two other initiatives for women and girls: Model Projects for Women 
and Girls (MPWG), short-term highly focused activities that will improve the 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Discrimination 279 


access to and/or retention of females in science, engineering, and mathemat¬ 
ics education and careers, and Experimental Projects for Women and Girls 
(EPWG), large-scale projects requiring a consortium effort with multiple tar¬ 
get populations. 

In 1996, NSF replaced VPW with Professional Opportunities for Women in 
Research and Education (POWRE), giving the first POWRE awards in fiscal 
year 1997. POWRE was conceived in the wake of the November 1994 Repub¬ 
lican sweep of Congress that resulted in cuts in federal spending, with pro¬ 
grams that had gender and/or race as their central focus under particular 
scrutiny. CAA also was subsumed by POWRE in fiscal year 1998. POWRE 
became a cross-directorate program, with objectives of providing visibility for, 
encouraging, and providing opportunities for further career advancement, 
professional growth, and increased prominence of women in engineering 
and in the disciplines of science supported by NSF. Despite threats against 
affirmative action, the approach to achieving these objectives came through 
individual research grants to support science and engineering research of 
individual women researchers. POWRE did not retain from VPW the concept 
of committing 30 percent of time devoted to infrastructure to attracting and 
retaining women in science and engineering. 

In 1998, NSF decided to organize a workshop of NSF program directors and 
scientists and engineers from the professional community to study POWRE 
and provide recommendations. One recommendation that emerged from the 
workshop was that “NSF should develop long-term strategies to encourage 
institutional transformation” (Rosser and Zieseniss 1998, 9). 


21st-Century Institutional Transformation 

At the dawn of the 21st century, several promising developments indicated 
the willingness of the scientific and engineering professions and the academy 
to address the underrepresentation of women in academic ranks that had 
continued for decades, despite federally and foundation-funded programs to 
increase the number of female faculty members. In March 1999 the Massa¬ 
chusetts Institute of Technology released “A Study on the Status of Women 
Faculty in Science at MIT,” creating a stir that spread far beyond the bound¬ 
aries of that institution. Five years earlier, senior biology professor Nancy 
Hopkins initiated the collection of evidence documenting that the 15 tenured 
women faculty in science had received lower salaries and fewer resources 
for research than their male colleagues. Dean Robert Birgeneau recognized 
that in addition to salary disparities, the data in the report revealed systemic, 
subtle biases in space, startup packages, and access to graduate students 
and other resources that inhibited the careers of women scientists relative 
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to their male counterparts. Release of the report struck a nerve with admin¬ 
istrators and women faculty on campuses across the nation, fueling questions 
about the status of women scientists at other academic institutions and in the 
broader profession. 

More than one year later, MIT President Charles Vest hosted a meeting of 
the presidents, chancellors, provosts, and 25 women scientists from Cal Tech, 
MIT, University of Michigan, Princeton, Stanford, Yale, University of California 
at Berkeley, Harvard, and Penn. For the first time, in public and in print, the 
leaders of the nation’s most prestigious research universities suggested that 
institutional barriers have prevented women scientists and engineers from 
having a level playing field and that science and engineering might need to 
change to accommodate women. 

In fiscal year 2001, NSF launched the ADVANCE initiative to succeed 
POWRE. Initially funded at $17 million, ADVANCE encouraged institutional 
solutions at nine institutions because of “increasing recognition that the lack 
of women’s full participation at the senior level of academe is often a sys¬ 
temic consequence of academic culture” (NSF 2001, 2). Under ADVANCE, 
Institutional Transformation Awards, as much as $750,000 per year for up to 
five years, promote the increased participation and advancement of women. 
Now in its third round of institutional awards, ADVANCE promises to go be¬ 
yond individual research projects of women scientists and engineers that ini¬ 
tiatives such as POWRE, FAW, CAA, and VPW supported to solve problems 
with broader systemic and institutional roots, such as balancing career and 
family. 

On January 14, 2005, at a conference at the National Bureau of Economic 
Research at Harvard University, President Larry Summers delivered an infa¬ 
mous speech in which he provided hypotheses for the small number of 
women holding tenured positions in science and engineering, especially at 
top universities and research institutions. The transcript of his speech, www 
.president.harvard.edu/speeches/2005/nber.html, allows individuals to assess 
the logic and quality of research that he used to support his three primary 
hypotheses for the paucity of women scientists and engineers: (1) women 
are unwilling or unable to work the 80-hour weeks required for success in 
science at top-flight academic institutions; (2) innate or biological factors, 
rather than socialization, probably account for sex differences in mathemat¬ 
ical aptitude and also in adult preferences for choice of academic study and 
occupational field; (3) discrimination, which he defined as a “taste” for hir¬ 
ing people like oneself, does not exist in academia because that would be 
eliminated through market forces by lesser institutions hiring highly qualified 
women and minorities, thereby gaining a competitive advantage. Although 
President Summers used some questionable and older research studies but- 
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tressed with examples from his personal experiences to support his “hypo- 
theticals,” his speech drew national attention to the small number of women 
who hold tenured positions in science and engineering, especially in “top uni¬ 
versities and research institutions.” The reports of his resignation in February 
2006 focused on Summers’s discrimination against women in science as one 
of the factors leading to the votes of no confidence in him and his ultimate 
downfall. 

In addition to efforts toward institutional transformation to remove discrim¬ 
ination, women scientists and senators have pushed to apply Title IX to 
women in science and engineering. Chemist Debra Rolison called on the fed¬ 
eral government and convinced Senator Wyden of Oregon to hold hearings 
to investigate the scarcity of women in science and engineering. Violation of 
Title IX could lead to denial and removal of federal funding, without which 
no major scientific institution could function. 


Conclusion 

The current movement to apply Title IX legislation stands as the latest strategy 
to overcome gender discrimination in science. Notions of women’s inferiority 
have infected scientific observation, leading to inaccurate theories and con¬ 
clusions drawn from data since antiquity. Such notions prohibited women 
from serving as witnesses at the birth of early modern science. Since women 
could not witness science, the discoveries that individual women made were 
often discredited, attributed to others, or ignored. Notions of inability to wit¬ 
ness also provided the legal basis for discrimination against women in aca¬ 
demia, especially in science and engineering, until the legislation of the 1960s 
and 1970s. 

Removal of the overall legal barriers to women’s participation in science 
has allowed access and success for many individual women scientists: 199 of 
the 2,013 active members of the National Academy of Sciences are now 
women. As this number of less than 10 percent suggests (www.awis.org/ 
pubs/wireArchive/wire), science is still strongly associated with men and 
masculinity. 

It is too early to evaluate the efforts of the current approaches to change 
the climate, culture, and structure of scientific institutions. Will these institu¬ 
tional transformations result in more women becoming scientists? More im¬ 
portantly, will the absence of discrimination and inclusion of women and other 
diversity in the pool of scientists lead to the exploration of new questions, 
different approaches, and ultimately to better science? (See also Antiquity; 
Ecofeminism; Federal Agencies; Nobel Laureates; Universities) 
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Women Scientists as Leaders 


Suzanne Gage Brainard 


Despite years of progress that have resulted in increased enrollments, a larger 
number of degrees granted to women in all fields, and larger percentages of 
women in the workforce, women still remain a small percentage of those in 
top leadership positions in any sector of the U.S. workforce. The purpose of 
this chapter is to highlight women scientists and engineers who are in top 
leadership positions in educational institutions, federal agencies, and industry. 
Prior to this, however, it is important to summarize a set of antidiscrimination 
laws that have enabled these women to succeed. 

From the mid-1960s through the 1990s, a series of antidiscrimination laws 
were implemented that greatly facilitated the career paths of both women and 
minorities (National Academies 2006). First, Title VII of the Civil Rights Act of 
1964 banned discrimination based on sex, race, national origin, and religion 
by all organizations that employed 15 or more people, regardless of whether 
these employers received federal funds. Title VII is enforced by the Equal 
Employment Opportunity Commission, which investigates and resolves dis¬ 
crimination complaints and can bring lawsuits on behalf of claimants. Second, 
Title IX bans sex discrimination in education for any institutions of higher 
education that receive federal funds. Third, Executive Order 11246 bans dis¬ 
crimination and requires federal contractors (including universities) to main¬ 
tain affirmative action plans that set goals and timetables for increasing the 
representation of women and underrepresented minorities in their work¬ 
forces. Finally, the Equal Pay Act made it illegal to pay higher salaries to men 
than to women doing “equal work” or in jobs that require substantially “equal 
skill, effort, and responsibilities . . . under equal working conditions.” Each 
of these laws, coupled with additional laws in 1990 and early 2000, has sub¬ 
stantially helped to level the playing field, but the United States still has a long 
way to go. 

Three reports in the last few years have examined the barriers that 
women interested in science and engineering face at various stages of their 
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careers. The first of these was a result of the congressional Commission on 
the Advancement of Women and Minorities in Science, Engineering, and 
Technology (CAWMSET). CAWMSET investigated the barriers that still exist 
for women, underrepresented minorities, and persons with disabilities at dif¬ 
ferent stages of the pipeline, and in September 2000, the Commission issued 
its report, Land of Plenty: Diversity as America’s Competitive Edge in Science, 
Engineering and Technology (National Science Foundation). Building on the 
recommendations of CAWMSET, the Building Engineering and Science Talent 
(BEST) initiative began in September 2001, and three years later it issued three 
reports that identified the best practices across the country to develop the 
technical talent of underrepresented groups in primary, secondary, and higher 
education and in the workplace (Building Engineering and Science Talent 
2004). In 2006, the National Academies issued its report titled Beyond Bias 
and Barriers: Fulfilling the Potential of Women in Academic Science and 
Engineering (National Academies 2006). 

In addition, three indicators of the challenges still facing women in sci¬ 
ence and engineering (S&E) fields are the numbers of science and engineering 
doctoral recipients, salaries of women compared to men, and representation 
in different workforce sectors. Women receive 30.3 percent of all science 
and engineering doctorates (Commission on Professionals in Science and 
Technology [CPST] 2004); yet, women receive only 15.9 percent of engineer¬ 
ing doctorates. Employed female scientists and engineers with doctorates are 
represented in four different sectors of the workforce: two-year and four-year 
institutions, four-year colleges and universities and research universities, 
government, and business and industry (CPST 2003). Respectively, 15.5 per¬ 
cent of women are employed in two-year institutions, 9-5 percent in four- 
year and research institutions, 12.7 percent in government, and 62.4 percent 
in business and industry. Women total 35.6 percent of the entire S&E work¬ 
force (CPST 2003). 

Finally, there is a significant differential in the median salaries of men and 
women (CPST 2004) across science and engineering disciplines (see Table 2). 


Table 2. Average Salaries of Men and Women in Various Scientific Fields in 2003 



Biological 
and Related 

Fields 

Computer 

Information 

Sciences 

Mathematics 

Physical 

Sciences 

Engineering 

Occupations 

Men 

$75,000 

$91,800 

$77,000 

$83,100 

$94,000 

Women 

$65,000 

$80,000 

$64,000 

$70,000 

$85,000 


Source: Data derived by CPST from the NSF Foundation/SRS, SESTAT Database System 
2003. 
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Women Scientists as Academic Leaders 

Women, especially minority women, are underrepresented in both tenure- 
track faculty positions in science and engineering and in top leadership po¬ 
sitions (Handelsman et al. 2005). Further, women have lower salaries (Trower 
and Chait 2002), are awarded less grant money (Hosek et al. 2005), and per¬ 
ceive the workplace as unwelcoming and hostile (Olsen, Maple, and Stage 
1995). In addition, they are challenged with barriers that most men do not 
face, such as balance of family and career, hostile department and workplace 
environment, quality of office and laboratory space, unequal research sup¬ 
port, lack of mentoring and collaboration, concerns about spouse or partner 
hiring, finding childcare options, and other issues. Nevertheless, an increasing 
number of women are moving into top-level leadership positions in academic 
institutions, and brief summaries of their career paths follow, all of which are 
excerpted from their biographies available online. 

Mary Sue Coleman (1943-), President, University of Michigan 

In August 2002, Mary Sue Coleman was appointed the 13th president of the 
University of Michigan. At the university, she also holds the appointments of 
professor of biological chemistry in the medical school and professor of chem¬ 
istry in the College of Literature, Science, and the Arts. She built a distinguished 
research career through her work on the immune system and malignancies 
during 19 years. Dr. Coleman is a national spokesperson for the educational 
value of affirmative action and diverse perspectives in the classroom. 

Drew G. Faust (1947-), President, Harvard University 

On July 1, 2007, Drew G. Faust became the 28th and first female president 
of Harvard University. Her appointment follows the controversy that ensued 
after Lawrence Summers, Harvard’s previous president, suggested that the 
gender gap in science might be a function of innate differences between men 
and women ( Washington Post 2007). She is an expert on the Civil War and 
the American South. Since 2001, she has served as the founding dean of the 
Radcliffe Institute for Advanced Study, which has emerged as one of the na¬ 
tion’s foremost centers of scholarly and creative enterprise. 

Alice P. Gast (1958-), President, Lehigh University 

In August 2006, Alice R Gast became the 13th president of Lehigh Univer¬ 
sity. Dr. Gast earned a bachelor’s degree in chemical engineering from the 
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University of Southern California followed by a master’s and doctorate in chem¬ 
ical engineering from Princeton University. After completing her doctorate, 
she spent a postdoctoral year on a NATO fellowship at the Ecole Superieure 
de Physique et de Chimie Industrielles in Paris. Afterward, she spent 16 years 
as a professor of chemical engineering at Stanford University and at the Stan¬ 
ford Synchrotron Radiation Laboratory. In 2001, she began her tenure at the 
Massachusetts Institute of Technology as vice president for research and as¬ 
sociate provost. 


Susan E. Hockfield (1951-), President, Massachusetts Institute 
of Technology 

Since December 2004, Susan E. Elockfield has served as the 16th president 
of the Massachusetts Institute of Technology and is the first life scientist to 
hold the position. A noted neuroscientist, she also holds a faculty appoint¬ 
ment as professor of neuroscience in the Department of Brain and Cognitive 
Sciences at MIT. She is a strong advocate for the vital role that science, tech¬ 
nology, and the research university play in the world and has worked to ex¬ 
tend MIT’s long tradition of international engagement through initiatives in 
education and scholarship with partners around the world. 


Karen A. Holbrook (1942-), President, The Ohio State University 

In October 2002, Karen A. Holbrook became the 13th president of The Ohio 
State University. Since she took office, Dr. Holbrook has received wide recog¬ 
nition for her leadership in strengthening relationships with the Columbus 
community. She spent the majority of her academic career as a professor of 
biological structure and medicine at the University of Washington and gained 
a national reputation for her expertise in human fetal skin development and 
genetic skin disease. After her tenure at the University of Washington, during 
which time she also served as associate dean for scientific affairs, Dr. Hol¬ 
brook became vice president for research and dean of the graduate school, as 
well as professor of anatomy, cell biology, and medicine, at the University of 
Florida (Gainesville). After that, she was provost at the University of Georgia. 


Shirley Ann Jackson (1946-), President, Rensselaer Polytechnic Institute 

In July 1999, Shirley Ann Jackson became the 18th president of Rensselaer 
Polytechnic Institute, the first African American woman to lead a national re- 
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search university, and the first African American woman elected to the Na¬ 
tional Academy of Engineering. She is the first African American woman to 
receive a doctorate from MIT in any subject and is one of the first two African 
American women to receive a doctorate in physics in the United States. In 
1995, President Clinton appointed Dr. Jackson to serve as chairman of the 
U.S. Nuclear Regulatory Commission (NRC), a position she held until 1999- 
She is a distinguished scientist and an advocate for education, science, and 
public policy whose career has encompassed senior positions in government, 
industry, research, and academe. As a theoretical physicist, she specializes 
in theoretical condensed matter physics and is best known for her work on 
polaronic aspects of electrons in two-dimensional systems. 


Maria Klawe (1951-), President, Harvey Mudd College 

In July 2006, Maria Klawe became the fifth president of Harvey Mudd College. 
Dr. Klawe has made significant research contributions in several areas of 
mathematics and computer science, including functional analysis, discrete 
mathematics, theoretical computer science, human-computer interaction, 
gender issues in information technology, and interactive multimedia for math¬ 
ematics education. Her current research focuses on the development and use 
of multimodal applications to assist people with aphasia and other cognitive 
impairments. Dr. Klawe spent eight years with IBM Research and two years at 
the University of Toronto. She then went to the University of British Columbia, 
where she served as dean of science, vice president of student and academic 
services, and head of the Department of Computer Science. Dr. Klawe then 
became the dean of engineering and professor of computer science at Prince¬ 
ton University. 


Carolyn W. Meyers (1946-), President, Norfolk State University 

In 2007, Carolyn W. Meyers became the fourth president of Norfolk State Uni¬ 
versity. Previously, she served as provost and vice chancellor for academic 
affairs and a tenured professor in the College of Engineering at North Carolina 
Agricultural & Technical State University. She holds a bachelor’s degree in 
mechanical engineering from Howard University, a master’s in mechanical 
engineering, and a Ph.D. in chemical engineering from Georgia Tech. She 
served as the first chair of the board of directors of the National Institute of 
Aerospace, served as the first associate dean of research for the College of En¬ 
gineering at Georgia Tech, and was later appointed professor and dean of the 
College of Engineering at North Carolina A&T University. 
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Karen W. Morse (1940-), President, Western Washington University 

In 1993, Karen W. Morse became the 12th chief executive of Western Wash¬ 
ington University. Dr. Morse earned her bachelor’s degree from Denison Uni¬ 
versity and a master’s and doctorate degree from the University of Michigan. 
Prior to joining Western, she was provost at Utah State University after serving 
as a professor of chemistry, head of the Chemistry and Biochemistry Depart¬ 
ment, and dean of the College of Science. In addition, she is a fellow of the 
American Association for the Advancement of Science. 


Zorica Pantic (1951-), President, Wentworth Institute 
of Technology 

In 2005, Zorica Pantic became the fourth and first female president of the Went¬ 
worth Institute of Technology. Dr. Pantic is the only female engineer to lead 
an institute of technology in the United States. She earned her bachelor’s, 
master’s, and doctoral degrees in electrical engineering from the University 
of Nis in Serbia. She began her career on the faculty of the University of Nis. 
After receiving a Fulbright scholarship and visiting scientist post at the Uni¬ 
versity of Illinois, she moved to the Division of Engineering at San Francisco 
State University. She served as a professor of electrical engineering and director 
of the School of Engineering at SFSU and then became dean of the School of 
Engineering at the University of Texas-San Antonio. 


Donna E. Shalala (1941-), President, University of Miami 

In June 2002, Donna E. Shalala became professor of political science and 
president of the University of Miami. A leading scholar on the political econ¬ 
omy of state and local governments, Dr. Shalala has more than 25 years of 
experience as an accomplished scholar, teacher, and administrator. She also 
is the longest serving secretary of Health and Human Services (HHS) in 
United States history. Dr. Shalala received her bachelor’s degree in history 
from Western College for Women and her doctorate from the Maxwell School 
of Citizenship and Public Affairs at Syracuse University. She has held tenured 
professorships at Columbia University, the City University of New York, and 
the University of Wisconsin-Madison. Prior to becoming president of Hunter 
College in 1980, she served in the Carter administration as assistant secretary 
for Policy Development and Research at the U.S. Department of Housing and 
Urban Development. In 1987, Dr. Shalala became chancellor of the University 
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Political scientist Donna Shalala was 
appointed president of the University 
of Miami in 2002, after serving as sec¬ 
retary of the Department of Health and 
Human Services (HSS) under President 
Bill Clinton. (U.S. Department of Health 
and Human Services) 


of Wisconsin-Madison and in 1993, President Clinton appointed her U.S. sec¬ 
retary of Health and Human Services (HHS) where she served for eight years. 


Shirley M. Tilghman (1946-), President, Princeton University 

In May 2001, Shirley M. Tilghman was elected Princeton University’s 19th pres¬ 
ident. She is an exceptional teacher and a world-renowned scholar in the field 
of molecular biology. During postdoctoral studies at the National Institutes 
of Health, she made a number of groundbreaking discoveries while partici¬ 
pating in cloning the first mammalian gene. She continued to make scientific 
breakthroughs at the Institute for Cancer Research in Philadelphia at the Uni¬ 
versity of Pennsylvania. In 1986, she came to Princeton as a professor in the 
life sciences and joined the Howard Hughes Medical Institute two years later. 
In 1998, she became the founding director of Princeton’s multidisciplinary 
Lewis-Sigler Institute for Integrative Genomics. 


Women Scientists as CEOs 

Large corporations did not seek out women leaders until the early 1970s 
and they did so then only as a result of federal laws that were put in place 
to assure women and minorities equal opportunities in employment. As such, 
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Table 3. Female CEOs of Fortune 500 Companies, 2007 


Name 

Company 

Rank 

Patricia A. Woertz 

Archer Daniels Midland 

56 

Brenda C. Barnes 

Sara Lee 

111 

Mary F. Sammons 

Rite Aid 

129 

Anne Mulcahy 

Xerox 

142 

Patricia F. Russo 

Lucent 

255 

Susan M. Ivey 

Reynolds American 

280 

Andrea Jung 

Avon 

281 

Marion O. Sandler 

Golden West Financial 

326 

Paula G. Rosput Reynolds 

Safeco 

339 

Margaret C. Whitman 

eBay 

458 


Source: CNN (2007). 


the profile of the workforce in the late 1960s and early 1970s is much dif¬ 
ferent from that of today. Women make up almost half of the workforce, 
yet only 20 Fortune 1,000 companies have women in the top position and 
only 67 of the top 500 companies have any women corporate officers. In ad¬ 
dition, only 10 Fortune 500 companies have women CEOs or presidents (see 
Table 3). It is interesting that among the women in current and past top po¬ 
sitions, three were appointed in times of crisis: Carly Fiorina, previous CEO 
of Hewlett-Packard, Anne Mulcahy of Xerox, and Patricia Russo of Lucent 
Technologies. As there is little information about the process by which these 
women became CEOs, the conditions under which they were appointed force 
us to ask whether they were being set up as scapegoats. 

Although the numbers are still low, data from Catalyst, a New York-based 
not-for-profit research organization, do indicate positive change over the last 
10 years. For instance, in 1995, 8.7 percent of corporate officers in Fortune 
500 companies were women, a number that had increased to 16.4 percent 
by 2005. Also, more women are running Fortune 500 companies in 2007 than 
in 2006. Two of these women, Margaret Whitman and Brenda Barnes, have 
undergraduate degrees in economics and MBAs, while the others hold MBAs 
(see Table 3). 


Brenda Barnes (1953-), CEO, Sara Lee 

Brenda C. Barnes is chairman and CEO of Sara Lee Corporation. She has been 
a member of the board of directors of Sara Lee since joining the company as 
president and CEO in July 2004. She was appointed to her current position in 
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October 2005. She earned a bachelor’s degree in economics from Augustana 
College in 1975 and received a master of business administration degree from 
Loyola University Chicago in 1978. 


Meg Whitman (1957-), President and CEO, eBay 

As president and CEO of eBay since March 1998, Meg Whitman has led the 
company to become an unparalleled global e-commerce engine. Whitman’s 
expertise in brand building, combined with her consumer technology ex¬ 
perience, has helped eBay evolve into a leading company that is reshaping 
online commerce, payments, and communications around the world. She 
received a bachelor’s degree in economics from Princeton University and a 
master’s in business administration from Harvard Business School. 


Women Scientists as Leaders of Federal Agencies 

The federal government was among the first in all sectors of the workforce 
to implement Equal Employment Opportunity programs to assure women 
and minorities fair and just assessment of their skill s . As a result, many women 
and minorities are employed in federal agencies and have been since the early 
1960s. However, few women scientists are or have been in the mid- and top- 
level cabinet positions, such as Joycelyn Elders, M.D., former U.S. surgeon 
general. Following are biographies of these few women. 


Rita R. Colwell (1934-), Ph.D., Director, National 
Science Foundation 

Dr. Colwell was appointed the 11th director of the National Science Foundation 
on August 4, 1998, and resigned in 2004. Under her leadership, the Founda¬ 
tion received significant budget increases, and its funding reached more than 
$5.3 billion. Before coming to NSF, Dr. Colwell was president of the University 
of Maryland Biotechnology Institute, 1991-1998. She remains professor of mi¬ 
crobiology and biotechnology at the University of Maryland. She was also a 
member of the National Science Board from 1984 to 1990. She is the recip¬ 
ient of numerous awards, including the Medal of Distinction from Columbia 
University, the Gold Medal of Charles University in Prague, the UCLA Medal 
from the University of California, and the Alumna Summa Laude Dignata from 
the University of Washington, Seattle. 
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Elaine L. Chao (1953-), Secretary of Labor 

Elaine Chao is the 24th secretary of labor and the first Asian American woman 
appointed to a president’s cabinet in the United States. Prior to joining the 
U.S. cabinet, she was president and chief executive officer of the United Way 
of America and director of the Peace Corps. Her government service includes 
terms as deputy secretary of the U.S. Department of Transportation, chairman 
of the Federal Maritime Commission, and deputy maritime administrator in 
the U.S. Department of Transportation. Chao has an M.B.A. from the Harvard 
Business School and an undergraduate degree in economics from Mount 
Holyoke College. 


Julie Louise Gerberding (1955-), M.D., Director of Centers 

for Disease Control 

Director Julie Louise Gerberding, M.D., M.P.H., has been head of the Cen¬ 
ters for Disease Control and Prevention (CDC) and administrator of the 
Agency for Toxic Substances and Disease Registry (ATSDR) since July 2002. 
She also serves as an associate clinical professor of medicine at Emory Uni¬ 
versity and an associate professor of medicine at the University of California 
at San Francisco. 


Cynthia A. Glassman, Ph.D., Under Secretary for Economic Affairs, 
Department of Commerce 

Dr. Glassman was appointed by President Bush in October 2006 as under 
secretary for economic affairs in the Department of Commerce. Prior to her 
nomination, she served as commissioner on the U.S. Securities and Exchange 
Commission from January 2002 until 2006. She received her M.A. and Ph.D. 
in economics from the University of Pennsylvania and her B.A. in economics 
from Wellesley College. 


Women Scientists as Leaders in Associations and Private 
Foundations 

Several women scientists have played significant leadership roles in profes¬ 
sional associations and private foundations by helping to change federal 
policy. 
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Shirley Malcom (1946-), Head, Directorate for Education and 
Human Resources at AAAS 

Shirley Malcom is head of the Directorate for Education and Human Resources 
Programs of the American Association for the Advancement of Science (AAAS), 
where she leads programs in education, activities for underrepresented groups, 
and public understanding of science and technology. Dr. Malcom is a former 
trustee of the Carnegie Corporation of New York. She served on the National 
Science Board from 1994 to 1998 and on the President’s Committee of Advi¬ 
sors on Science and Technology from 1994 to 2001. Dr. Malcom received her 
doctorate in ecology from Pennsylvania State University; her master’s degree 
in zoology from the University of California, Los Angeles; and her bachelor’s 
degree with distinction in zoology from the University of Washington. 


Maxine Singer (1931-), Ph.D., President, Carnegie Institution 

A product of the New York City public schools, Maxine Frank Singer gradu¬ 
ated from Swarthmore College (A.B., 1952, with high honors) and Yale Uni¬ 
versity (Ph.D., biochemistry, 1957). She joined the National Institutes of Health 
as a postdoctoral fellow in 1956 and received a research staff appointment 
two years later. She was chief, Laboratory of Biochemistry, National Cancer 
Institute, 1980-1987, where she led 15 research groups engaged in various 
biochemical investigations. She became president of the Carnegie Institution 
in 1988 and retains her association with the National Cancer Institute as sci¬ 
entist emeritus. Throughout her career, Singer has taken leading roles influ¬ 
encing and refining the nation’s science policy, often in realms having social, 
moral, or ethical implications. 
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Joyce Tang 


Introduction 

Since its inception in 1901, the Nobel Prize has been awarded to 33 women 
and 735 men in recognition of their contributions to science, literature, and 
humanitarian causes. Women constitute 4 percent of the Nobel laureates. 
Twelve of the 34 awards that women received were in science (35 percent): 
Marie Curie (received the Prize twice), Gerty Cori, Irene Joliot-Curie, Barbara 
McClintock, Maria Goeppert-Mayer, Rita Levi-Montalcini, Dorothy Hodgkin, 
Gertrude Elion, Rosalyn Yalow, Christiane Nusslein-Volhard, and Linda Buck. 
On average, one award has gone to a female scientist every nine years (see 
Table 4). 

The small number of women among the laureates does not allow conclu¬ 
sions to be drawn about the relative influences of various forces underlying the 
(lack of) success of women in science, but clearly there is no typical female 
laureate. The experiences of these women reveal flaws in the biological, eco¬ 
nomical, and cultural myths about gender differences in science performance. 

This essay highlights the similarities and differences in this elite group of 
female scientists by examining their backgrounds, upbringing, and support 
mechanisms. It highlights common themes in their lives and work using a life 
course approach, and concludes with a brief discussion of the implications 
for research and policy making. 

Most of the books about female scientists tell us that women are not doing 
as well as men in science (Tang 2006). The arguments for women’s relatively 
lackluster performance in science range from biological causes to individual 
choice to structural elements. These explanations for gender differences in 
science can be discouraging to the large numbers of female students who 
have already enrolled in science and mathematics courses. 

Three explanations have been proposed to address the important question 
of why women have a difficult time excelling in science compared to men. The 
biological explanation stresses women’s lack of abilities to pursue intellectual 
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tasks. According to the individual choice explanation, women express a gen¬ 
eral preference for nonscience careers. The structural explanation attributes the 
virtual absence of women in science to institutional obstacles. None of these 
views encourages young women aspiring to science careers. But the life, 
work, and career histories of female Nobel laureates in science reveal another 
side of the story. 

Who Are These Women Nobel Laureates in Science? 

Not only are these women pioneers in research but they are also “the” first 
women to receive almost every prestigious honor and recognition from the 
scientific establishment. In many ways, they are the lady version of Albert Ein¬ 
stein. Trained in the principles and practices of science, these female laureates 
demonstrated the drive, discipline, and energy to test new ideas continuously. 
Their discoveries saved lives or transformed the direction of a particular line 
of research, resulting in substantial recognition for their contributions to so¬ 
ciety. They emerge as role models for young scientists. 

The female laureates overcame numerous (yet different) barriers at differ¬ 
ent stages of their careers. They lived very different lives, in different times and 
places. The educational, governmental, and social structures (such as marriage 
and family) vary tremendously among Poland, France, England, Germany, 
and the United States, and between the 1860s (when Marie Curie was born) 
and the 1940s (when Christiane Nusslein-Volhard and Linda Buck were born). 
In addition to their passion for science, they share many qualities considered 
essential in doing pioneering work: 

1. Very early in the lives and careers of these women, their actions re¬ 
flected intelligence, courage, discipline, enthusiasm, competitiveness, 
ability to focus and concentrate, ambition, confidence, risk-taking, 
assertiveness, and creative thinking and work styles. 

2. Many showed exceptional academic abilities in childhood. 

3. They were persistent and consistent in expressing their purposes and 
values of life. 

4. They always took initiatives to improve themselves through training 
and development. 

5. They had the ability to adapt to changes and deal with adversity and 
setbacks in a positive way. 

6. Willing to take risk and face loss, they were prepared to make sig¬ 
nificant personal and professional sacrifices in pursuit of science. 

Although these qualities would help almost anyone to overcome obstacles 
in life and work, these intangible and nonlinear attributes take on greater 
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significance for women for overcoming many obstacles with family, school, 
and work. 


Marie Curie 

Despite and because of her humble background, physicist and radiochemist 
Marie Curie had an optimistic outlook on life and work. She viewed adversity 
and barriers in life as challenges and opportunities for growth and demon¬ 
strated bold ambitions. Instead of giving up any hope for higher education, she 
supported her older sister Bronya through medical school in Paris. Bronya in 
turn later helped to support Curie’s university education. 

Curie chose radioactivity as the subject of her doctoral dissertation and the 
focus of her future research. Henri Becquerel’s discovery of the release of rays 
from uranium had drawn little attention from the scientific community. Curie 
seized the opportunity to study this neglected topic. Her discovery of radio¬ 
activity (with her husband Pierre Curie) broke new ground for research in 
the field of physics, bringing fame in 1903 when she became the first woman 
Nobel laureate. She received her second Nobel Prize in chemistry for her dis¬ 
covery of radium eight years later; she remains the only female to win two 
Nobel Prizes. Challenges Curie faced included studying in the intimidating 
environment of a private school in Russian-controlled Poland, being a widow 
and a single parent for two young daughters, exclusion from the most pres¬ 
tigious scientific institution in France, and denial of adequate support for re¬ 
search. She estimated that a properly equipped laboratory would have allowed 
her and Pierre to compress four years of work into one, minimizing their ex¬ 
posure to radiation (Curie 1937; Curie 1923). 

Marie Curie grew up in an impoverished but professional home. Her mother 
was the principal of a private girls’ school; her father was a physics teacher 
at a secondary school for boys in Warsaw. Her parents took the education of 
their children very seriously. She named her father as the most important fig¬ 
ure in her life (Quinn 1995, 74). Curie’s brother, Josef, observed that none of 
his three sisters (Helena, Bronya, and Marie) seemed to fit the role of a young 
girl typical for that time. They all prepared to postpone marriage or remain 
single to acquire higher education, and they planned to have independent 
careers. 

Even someone as reclusive as Marie Curie had a great deal of support. Her 
supporters included American men and East European women. The Radium 
Institute became her professional base. She enjoyed an egalitarian scientific 
partnership with her husband Pierre Curie. After his death in an accident, her 
father-in-law Dr. Eugene Curie moved into the household and helped raise his 
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Polish-born French physicist Marie 
Curie. Curie shared the 1903Nobel Prize 
in physics with her husband, Pierre, and 
Antoine Henri Becquerel for their dis¬ 
covery of radioactivity. She was also the 
sole winner of the 1911 Nobel Prize in 
chemistry. (Library of Congress) 


granddaughters, Irene and Eve. His generosity allowed Marie Curie to study 
and research with little interruption. Though she shunned publicity and pol¬ 
iticking in France, Curie had successful fund-raising tours in the United States 
spearheaded by an American journalist, Marie Meloney. In addition to run¬ 
ning the Radium Institute, she became more active in public and professional 
communities later in life. Curie participated in war efforts and was also in¬ 
volved in the League of Nations’ International Committee on Intellectual Co¬ 
operation. She always kept her ties with Albert Einstein and other leading 
figures in the scientific community. 


Gerty Cori 

Biochemist Gerty Cori, the first female laureate in medicine or physiology, 
shared striking similarities with Marie Curie. Both set an example of suc¬ 
cessful scientific partnerships with their husbands while also raising families. 
Both suffered the humiliation of being ignored or overlooked by the scientific 
establishment but demonstrated the stamina and perseverance required for a 
woman to succeed in a man’s enterprise. Both helped produce the next gen¬ 
eration of Nobel winners. Marie Curie groomed her daughter Irene Joliot- 
Curie and indirectly her son-in-law Frederic Joliot to be potential laureates. 
Cori’s laboratory, a major center for biochemical research, was home to five 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


300 Women, Science, and Myth 


future Nobel laureates: Severo Ochoa (1958 Nobel Prize in medicine), Arthur 
Kornberg (1958 Nobel Prize in medicine), Earl W. Sutherland Jr. (1971 Nobel 
Prize in medicine), Christian deDuve (1974 Nobel Prize in medicine), and 
Luis Leloir (1970 Nobel Prize in chemistry). 

Cori overcame numerous obstacles in life and work. She had to take re¬ 
medial required courses such as Latin, science, and mathematics to qualify as 
one of the few women entering medical school. Antinepotism rules prevented 
her from obtaining employment commensurate with her education and expe¬ 
rience, resulting in underemployment for most of her life and strong resistance 
from employers and colleagues. The numerous appointments, recognitions, 
and honors that went solely to her husband and scientific partner Carl Cori 
for their collaborative work did not stop her and her husband from making 
joint discoveries with implications for the treatment of diabetes and other dis¬ 
eases. She was recognized belatedly with appointments to full professorships 
and other scientific honors for significant study of enzymes and hormones. 
In 1947, Gerty and Carl Cori shared the Nobel Prize for their discovery of the 
course of the catalytic conversion of glycogen. Even after being diagnosed 
with bone marrow disease requiring numerous blood transfusions, she main¬ 
tained a grueling work schedule (McGrayne 1998). 

Gerty Cori came from a relatively wealthy family and was the eldest of 
three daughters. Her father managed several sugar refineries. She was tutored 
at home until the age of 10 when she entered a private girls’ school. Born in 
Prague, she was educated at the medical school of the German University of 
Prague (Carl Ferdinand University) where she met her future husband and 
lifelong collaborator Carl Cori. They moved to Vienna upon graduation. When 
Vienna could not house their ambition, they took up employment in New 
York. They eventually settled in Missouri. Her maternal uncle, a professor of 
pediatrics, encouraged Cori to attend the university, specializing in medicine. 
It was unusual at the time in American higher education for her to work with 
her husband side-by-side as an equal partner. She was among the first group 
of women to break this rule. With Carl Cori, she ran a productive laboratory 
while running a household and raising her son. 

Gerty Cori worked in institutions throughout her life. First, she held an as¬ 
sistant position at the Karolinen Children’s Hospital in Vienna. Second, she 
joined her husband Carl Cori at the State Institute for the Study of Malignant 
Diseases in Buffalo as an assistant pathologist and later as assistant biochemist. 
Carl Cori turned down several job offers when the universities refused to hire 
his wife. Finally, when the couple moved to Washington University in St. Louis, 
Missouri, she first was appointed as a research fellow and then research as¬ 
sociate. She became associate professor of research in 1942 and full professor 
in 1947, the year she won the Nobel Prize. Her (underemployment at various 
institutions gave her resources (laboratory, equipment, library, personnel) to 
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do research, the opportunity to build up her publication record, and the fo¬ 
rum for intellectual exchanges with peers and scholars. 


Irene Joliot-Curie 

Marie Curie shared similarities with her daughter, radiochemist Irene Joliot- 
Curie. Like her mother, Joliot-Curie also studied mathematics and physics, 
worked in the same field (radioactivity), studied alpha rays of polonium (an 
element discovered by her mother) for her doctoral topic, and married, col¬ 
laborated, and had children with a scientific spouse. She worked her entire 
career at the Radium Institute founded by her mother, was rejected repeatedly 
for admission into the French Academy of Sciences, and received a Nobel 
Prize with her husband Frederic Joliot, a protege handpicked by her mother. 
Brought up in a scientific family, Joliot-Curie demonstrated early scientific 
talent. Despite her privileged childhood, her life was not easy. At the age of 
nine, she lost her father, forcing her to cope with the stress of her widowed 
mother’s grief and subsequently, the public’s criticism of her mother’s rela¬ 
tionship with fellow scientist Paul Langevin. For most of her adult life, while 
a leading scientist, wife, and mother she suffered a life-threatening case of 
tuberculosis (Crossfield 1997; McGrayne 1998). 

Irene Joliot-Curie came from a scientific dynasty. Her grandfathers were 
highly educated, and she was the eldest daughter of the recipients of three 
Nobel prizes, Marie and Pierre Curie. She grew up with the children of promi¬ 
nent scientists, many of whom were her parents’ colleagues or close friends. 
Joliot-Curie, along with her younger sister Eve, was educated in a private co¬ 
operative (secondary school) set up by her mother and colleagues. Thus, she 
learned every day from the most distinguished scholars and scientists in their 
fields. She expected and received support from her parents’ friends and col¬ 
leagues. As mentor and collaborator, her widowed mother was the most 
critical person in Joliot-Curie’s career. Like her mother, Joliot-Curie intended 
to have a family and scientific career in her life. The second most important 
figure for Joliot-Curie was her grandfather who helped shape her moral and 
intellectual development. 

The Radium Institute served as the training ground as well as professional 
home for Irene Joliot-Curie. She had two successful scientific partnerships. 
The first one, a maternal partnership with her widowed mother, lasted for 
decades. The second, a spousal partnership with her protege, future husband, 
and later co-winner of the Nobel Prize in chemistry in 1935, lasted for about 
five years, after which they took positions at different institutions. In the for¬ 
mer, Joliot-Curie was the apprentice and successor of Marie Curie; a role 
reversal took place in the latter when she became the master of a novice 
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scientist Frederic Joliot. Her first and only experience of being excluded from 
the scientific establishment was her unsuccessful nomination for the French 
Academy of Sciences. 


Barbara McClintock 

Geneticist Barbara McClintock did not show early promise as an outstanding 
academic. She earned an overall B average as an undergraduate at Cornell 
University in Ithaca, New York. Her risk-taking and persistence became evi¬ 
dent when she focused on maize, an unusual research subject. Her passion 
for science and commitment to work are notorious in the scientific commu¬ 
nity, making her brilliance and capacity to see what no one else saw hard to 
ignore (Fedoroff 1996, 591). Before making Cold Spring Harbor in Long Island, 
New York, her professional home, McClintock had many unpleasant experi¬ 
ences at the University of Missouri and other academic institutions. 

The mother of Barbara McClintock was an amateur painter and poet. Her 
father was a medical doctor. Compared to the parental influence of other 
female laureates, the McClintocks played a strong but less direct role in their 
daughter’s education. Being afraid that her daughter would become a pro¬ 
fessor, her mother had reservations about her daughter attending college. She 
reluctantly yielded to her husband’s decision that Barbara McClintock would 
go to Cornell University. McClintock did not think that her parents had di¬ 
rectly supported her intellectual pursuits. In fact, she did not consider them, 
or anyone else, as role models. From the beginning, her parents raised Mc¬ 
Clintock as a boy. They changed her original name, “Eleanor,” to “Barbara” 
for they considered the former a feminine and delicate name and the latter a 
more masculine name, which seemed to fit their daughter better. Her mother 
did not stop her from ice-skating, roller skating, bicycling, and playing basket¬ 
ball with boys. Her father gave her a set of boxing gloves when she was four. 
When she lived with her relatives in Massachusetts as a toddler, her uncle 
taught McClintock to repair machinery and nurtured her love for nature (Mc- 
Grayne 1998). All this helped develop and strengthen McClintock’s need for 
freedom and independence throughout her life and career. 

Even independent Barbara McClintock also needed continuous support for 
her pioneering research on maize. As a Carnegie Institute employee, she did 
not need to apply for federal grants, but her professional home was Cold 
Spring Harbor, a research and conference center on Long Island, New York. 
McClintock’s approach to research and scholarship provides a stark contrast 
to that of most female laureates. Fiercely independent and never married, she 
enjoyed working alone. She was selective in cultivating formal and informal 
ties for career advancement. Relying on lifelong friendships with a few male 
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The sole winner of the 1983 Nobel Prize in physiology or medicine, Barbara Mc- 
Clintock is considered one of the most important geneticists of the 20th century. (Bar¬ 
bara McClintock Papers, American Philosophical Society) 


colleagues such as Marcus Rhoades and George Beadle, she was able to tap 
into the scientific community’s resources. Rollins A. Emerson, a renowned 
maize geneticist and head of the breeding plant department, brought Rhoades 
and Beadle to Cornell. When others were lukewarm to McClintock’s research, 
these two talented graduate students found her cytological work exciting. To¬ 
gether, this trio formed a formidable cross-sex research team, and they all 
benefited from their professional kinship (Rhoades became a leading ge¬ 
neticist and Beadle shared a Nobel Prize in physiology in 1958). Despite the 
idiosyncrasies of her personality, McClintock had her cheerleaders. Lewis 
Stadler, a colleague of Emerson at Cornell, found her an assistant professor 
position at the University of Missouri. Support from Carnegie President Van- 
nevar Bush solidified her research position at Cold Spring Harbor. She be¬ 
came the third woman to be an elected member of the prestigious National 
Academy of Sciences when both Stadler and Emerson held membership there. 
Besides having regular contacts with her male friends, she consulted exten¬ 
sively with Harriet Creighton, a fellow graduate student and lifelong friend. 
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Maria Goeppert-Mayer 

Few in the scientific community would see mathematical physicist Maria 
Goeppert-Mayer as a formidable rival. Her unassuming style won her friends 
and loyal supporters as well as respect from colleagues. A late bloomer, 
Goeppert-Mayer learned nuclear physics from scratch and worked with re¬ 
nowned figures in the field such as Enrico Fermi and Edward Teller. Of all 
the female laureates, she worked the longest without pay and formal recog¬ 
nition. Due to antinepotism rules since she was married to Joseph Mayer, who 
was on the faculty at Johns Hopkins, then Columbia, and then the University 
of Chicago, for decades she became a “serial volunteer researcher/teacher.” 
The knowledge and skills she acquired from learning and working with a 
group of leading scientists at top research institutions facilitated her award¬ 
winning work on the shell model of the nucleus. In addition to being a 
woman physicist, wife, and mother, who worked without pay or recognition, 
she was frequently second-guessed, partly because of her tendency to pro¬ 
crastinate (Dash 1973; McGrayne 1998). 

As Maria Goeppert-Mayer was the only child in a well-educated upper- 
class family, her parents expected her to receive a good education and even¬ 
tually to be economically independent. Her mother taught French and piano 
before marriage, and her father was a professor of pediatrics at the University 
of Gottingen in Germany. Goeppert-Mayer was brought up in an intellectual 
environment very similar to that of Irene Joliot-Curie. She grew up in a uni¬ 
versity town populated by distinguished scholars and scientists. Many close 
family friends were prominent mathematicians and physicists. Very early in 
life, her father made it clear that his daughter should “never become just a 
woman.” She adopted her father’s low opinion of women. Her parents en¬ 
couraged her to be curious and adventurous. Her father took her on science 
walks. On her father’s side, she was the seventh generation of a family of uni¬ 
versity professors. 

Maria Goeppert-Mayer had a paid job as a senior physicist at Argonne Na¬ 
tional Laboratory outside Chicago. Before landing a job at the University of 
Chicago’s Fermi Institute and later at the University of California in La Jolla, she 
was a volunteer researcher or lecturer at two other top research universities— 
Johns Hopkins and Columbia. Like Irene Joliot-Curie, Goeppert-Mayer was 
used to seeing and interacting with intellectuals and their offspring. Besides 
having her father as her strongest supporter from childhood to young adult¬ 
hood, she stayed extremely well connected throughout her career. In fact, 
Goeppert-Mayer’s champions were among the who’s who in physics. For ex¬ 
ample, three Nobel laureates sat on her doctoral examining committee (James 
Frank received the 1925 Nobel Prize in physics, Adolf Windaus was awarded 
the 1928 Nobel Prize in chemistry, and mentor Max Born received the 1954 
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Maria Goeppert-Mayer won the Nobel 
Prize in physics in 1963for developing a 
nuclear shell model. (Nobel Foundation) 


Nobel Prize in physics). Robert Oppenheimer, Victor Weisskopf, Max Delbruck, 
and Harold Frey were her friends. She was a member of Enrico Fermi’s re¬ 
search team at Chicago (Fermi was a co-recipient of the Nobel Prize in 1963 
with Eugene Wigner), and his innocent probing—What about spin-orbit 
couple?—helped her solve the mystery of the nuclear shell structure problem. 

Similar to Marie Curie’s situation, her scientific husband, Joseph Mayer, was 
the most important supporter in her professional life. Joe Mayer supported 
Goeppert-Mayer to continue her work in physics. However, unlike Pierre Curie, 
Joe Mayer played the role of a facilitator instead of collaborator. 

Rita Levi-Montalcini 

Despite very limited resources and little support, neuroembryologist Rita Levi- 
Montalcini also accomplished significant scientific research. She conducted 
experiments in a makeshift laboratory set up in her tiny bedroom (Liversidge 
1988,73). This clandestine bedroom experimental laboratory served as a spring¬ 
board for the discovery of nerve growth factor. Levi-Montalcini described her¬ 
self as having “just average intelligence,” but she attributed her success in 
science to her ability to underestimate the difficulties of present tasks. Levi- 
Montalcini encountered racial and gender barriers. Anti-Semitism against Jews 
in Italy during the war caused Levi-Montalcini to lose her research assistant 
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job, to be prohibited from practicing medicine, and to find no scientific jour¬ 
nals in Italy that would publish her work (Levi-Montalcini 1988). 

Rita Levi-Montalcini was bom into an educated middle-class family. Her fa¬ 
ther was an engineer by training. Unlike McClintock’s mother, Levi-Montalcini’s 
mother fully supported her decision to study medicine. It was her father who 
had early reservations about her academic ambition because of difficulties for 
women in combining family and career. Nonetheless, he hired tutors to pre¬ 
pare her for university entrance examinations. Like Barbara McClintock, Levi- 
Montalcini unequivocally rejected the traditional gender roles for women. She 
did not want to be a wife and mother. She showed a passion for trains as a 
child and had no interest in feminine pursuits. Levi-Montalcini acknowledged 
the enduring influence of her father on her personal development (Levi- 
Montalcini 1988, 16-17), but her mother urged Levi-Montalcini to accept the 
invitation from embryologist Viktor Hamburger to go to Washington Univer¬ 
sity in St. Louis, her professional home for almost three decades. 

While she was still in Europe, she studied under Giuseppe Levi (no rela¬ 
tion) at the Institute of Anatomy of the Turin Medical School. He was a role 
model for Levi-Montalcini, one of his three students who received Nobel 
Prizes in medicine (Salvador Edward Luria in 1969 and Renato Dulbecco in 
1975). 

Her networking strategies bear striking resemblance to those of McClintock. 
Levi-Montalcini formed lifelong friendships and later partnerships with a few 
influential male scientists. She sought advice from Luria and Dulbecco about 
her projects. They introduced her to up-and-coming and renowned scientists 
such as James Watson. Her correspondence with Luria paid off with a flatter¬ 
ing recommendation that led to an invitation from Viktor Hamburger in St. 
Louis for Levi-Montalcini in Italy to reconcile apparently different findings of 
Hamburger’s and Levi-Montalcini’s experiments. Her work with Hamburger 
at Washington University laid the foundation for her prize-winning research 
on the nerve growth factor. Another close friend and colleague was Stanley 
Cohen, a postdoctoral research fellow at Washington University who later 
shared the Nobel Prize with Levi-Montalcini in 1986 for their discoveries of 
growth factors. Throughout her career, she continued to cultivate ties within 
and outside the United States. Later in her career, she commuted between St. 
Louis and Rome every six months to run research laboratories set up in both 
countries. 


Dorothy Hodgkin 

A master of making minute observations as well as synthesizing divergent 
information, crystallographer Dorothy Hodgkin helped discover penicillin, 
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Vitamin B 12 , and insulin. Like other female laureates, she chose research top¬ 
ics no one else had tackled (Wolpert and Richards 1988, 72). While Joliot- 
Curie battled tuberculosis throughout her life, Hodgkin dealt with constant 
pain and discomfort in her hands crippled by arthritis in childhood. Consid¬ 
erably behind in arithmetic in secondary school, she worked hard to catch 
up. Excluded from the chemistry club and weekly research talks at Oxford, 
Hodgkin made holiday visits to mentor and collaborator Desmond Bernal to 
keep up with the latest developments in the field of crystallography in his 
laboratory. Since her husband Thomas Hodgkin did not have stable employ¬ 
ment, Dorothy Hodgkin supported the family (Ferry 1998). 

The families of Dorothy Hodgkin’s parents were relatively well off. Her 
grandfather studied classics at Oxford before serving as a missionary in India. 
Her parents were archaeologists. As a result, family dislocations and separa¬ 
tions from her parents were a fact in Hodgkin’s childhood and adolescence. 
As a child, she traveled to the countryside with her younger sisters, all by 
themselves, to explore nature. She carried out simple chemical experiments 
in the attic laboratory at home. As Dorothy was the oldest in a family of three 
girls with no sons, her father decided to educate her the same way as a son. 
In addition to tutoring her daughters at home whenever possible, her mother 
sparked Hodgkin’s interest in science. For example, she gave Hodgkin a chil¬ 
dren’s book by William Henry Bragg. Bragg and his son were co-recipients of 
the 1915 Nobel Prize in physics for their contribution to the study of crystal 
structures by x-rays. At home, her mother also taught Hodgkin and her sister 
all the subjects she knew. Her father was instrumental in getting Hodgkin into 
Oxford to study chemistry in 1928. Hodgkin followed the example of her par¬ 
ents as well as Marie Curie, Irene Joliot-Curie, and Maria Goeppert-Mayer in 
having both a marriage and a scientific career. 

Dorothy Hodgkin pursued her postdoctoral work at Cambridge under the 
supervision of John Desmond Bernal, a leading figure in the field of crystal¬ 
lography. Her whole career was built on her position at Somerville College, 
a women’s college. Hodgkin succeeded in building extensive global contacts 
that were related to her interests in science, education, and world peace. 
Similar to Levi-Montalcini, word of mouth resulted in Hodgkin’s working in 
Bernal’s laboratory in 1932. As her mentor, Bernal gave Hodgkin free rein in 
his laboratory. He put her name on his papers to which she had made some 
contribution. This enabled her to build her publishing record and attract at¬ 
tention from the scientific community. Through Bernal, she met many inter¬ 
esting people from other fields. As director of studies at Somerville College 
for science students at Oxford, she had the opportunity to develop ties with 
scientists across disciplines. She continued to enlist the help of others through¬ 
out her career. Support from her husband in child rearing and other family 
matters allowed Hodgkin to concentrate on her work. 
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Gertrude Elion 

Inspired by Marie Curie, other discoverers, and the deaths of her grandfather 
and fiancee, biochemist Gertrude Elion became a chemical researcher to save 
lives. Elion proved the most versatile female laureate in overcoming hurdles 
in life and work. The huge financial loss her father experienced as a result of 
the Great Depression substantially impacted her educational goals. Discrim¬ 
ination from higher educational institutions and employers forced Elion into 
marginal and temporary jobs to support her graduate studies; she left gradu¬ 
ate school before finishing her doctorate. For the discoveries of new drugs 
that saved lives, she shared the 1988 Nobel Prize in physiology or medicine 
with George Hitchings and Eric Wieschaus. Because her fiancee statistician 
Leonard Canter died of bacterial infection in 1941, Elion was never married. 
She led an active social life, surrounded by her nieces, nephews, and children 
of her colleagues. Unlike Levi-Montalcini, Elion held the view that women 
can have a family and career (McGrayne 1988). 

Gertrude Elion grew up in a middle-class immigrant family in New York 
City. Her mother came from a scholarly family; her father was a dentist. She 
accompanied her grandfather (a biblical scholar) to the park and listened to 
his stories. Her father regularly took her to Metropolitan Opera performances. 
Elion’s close relationship with her grandfather was very similar to Joliot-Curie’s 
relationship with her grandfather Eugene Curie. Elion and her younger brother 
Herbert were expected to go to college. Her mother encouraged Elion to have 
a career and be economically independent. Her father’s bankruptcy during 
the Great Depression did not lower Elion’s academic aspirations. She gradu¬ 
ated from Hunter College with highest honors in chemistry in 1937. Despite 
having good grades, lack of money in the family and failure to receive finan¬ 
cial assistance from 15 graduate schools prompted Elion to suspend her plan 
for graduate training. For years, she worked odd jobs and tried to save 
enough money to pay for graduate education. In 1941, she obtained her mas¬ 
ter’s degree from New York University. However, she chose to keep her job 
and quit her part-time doctoral studies at Brooklyn Polytechnic Institute when 
the school told Elion to give up her job and go full-time with her studies. 

The Burroughs Wellcome research laboratory in New York and later in 
North Carolina served as the professional base for Gertrude Elion for nearly 
half a century. Acting on her father’s advice, she approached Burroughs Well¬ 
come, a British medical research company, and started working as an assistant 
for Harvard-educated biochemist George Hitchings in its American subsidiary 
in Tuckahoe, New York. Elion’s career in research took off at this research 
facility. From 1944 to 1983, she rose through the ranks of research chemist, 
senior research chemist, department head, scientist emerita, and consultant. 
Under George Hitchings’s sponsorship, Elion met prominent scientists at pro- 
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fessional meetings, published hundreds of scientific papers, and had several 
dozen U.S. patents relating to drugs for cancer treatment, organ transplant, and 
AIDS. Upon retirement from Burroughs Wellcome, Elion became a research 
professor at Duke University to train the next generation of scientists. 


Rosalyn Yalow 

Medical physicist Rosalyn Yalow wanted to follow in Marie Curie’s footsteps 
as a wife, mother, and successful scientist. Among female laureates, Yalow 
was the most combative and aggressive in terms of her approach to problem 
solving (Straus 1998, 42). Although she was considered more masculine than 
her elder brother, Allie, this toughness and assertiveness served Yalow well 
academically and professionally. With the help of influential professors at 
Hunter College (Herbert Otis, Duand Roller, and Jerrold Zacharias), she was 
the first woman to hold a graduate assistantship in physics as a Ph.D. student 
at the University of Illinois. When her research partner Solomon Berson died, 
she carried on the research and eventually received the Nobel Prize for their 
discovery of the radio-immunoassay procedure. Yalow is also unique among 
female Nobel laureates in that she prides herself on being the “professional 
mother” who produced scores of successful young scientists. She accom¬ 
plished this while doing research, running a lab, and keeping a home. She 
was the first among female laureates to hold and express the unorthodox 
view that work, marriage, and family are compatible for men and women in 
science. She espoused the view that women scientists should marry and have 
children, that mothers who have career aspirations should not stay home to 
take care of children, and that society should provide quality childcare to work¬ 
ing mothers (Straus 1998). 

Compared to other female laureates, Rosalyn Yalow probably had the most 
humble beginnings. She grew up in a poor, less-educated family. Her mother 
quit school after sixth grade and did garment work at home. Her father left 
school after eighth grade and became a streetcar conductor before opening 
a paper-and-twine business. However, they both valued education. Rosalyn 
learned to read before she began kindergarten. Like other female laureates, 
she grew up in an environment that encouraged her to follow her own incli¬ 
nation rather than those considered suitable only for women. Her father 
urged her to do whatever boys did. As a child, she learned the virtue of fight¬ 
ing back. 

The Bronx Veterans Administration (VA) Hospital was Rosalyn Yalow’s 
professional home as a researcher and administrator for three decades. Edith 
Quimby was her strongest female ally and gave her good career advice, even 
when the Hunter College female professors did not. Yalow found women a 
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hindrance to achieving her goals and men a resource for her career advance¬ 
ment. Yalow married a supportive scientific spouse, Aaron Yalow, a graduate 
student in nuclear physics whom she met at the University of Illinois. Like 
Joseph Mayer, Aaron Yalow played the role of facilitator of his wife’s career. 
Yalow studied with eminent scientists like Maurice Goldhaber, who became 
her thesis adviser and mentor. Aside from her husband, Solomon Berson 
was the second most important person in Yalow’s career. Berson teamed 
up with female scientist Yalow to do research that eventually led to her re¬ 
ceipt of the Nobel Prize. Yalow continued to form new partnerships with young 
scientists. 


Christiane Nusslein-Volhard 

In many respects, developmental biologist Christiane Nusslein-Volhard and 
Barbara McClintock shared commonalities. They had similar approaches to 
the study of nature. Interested in plants and animals, they conducted genetic 
research to understand complex developmental processes. As a high school 
senior, Nusslein-Volhard tried to develop a new theory about evolution. Cu¬ 
riosity and ambition led Nusslein-Volhard to do postdoctoral work at labora¬ 
tories in Germany and Switzerland where she teamed with an American fruit 
fly expert and future co-winner of the Nobel Prize Eric Wieschaus for ground¬ 
breaking research on fruit flies. Both McClintock and Nusslein-Volhard con¬ 
ducted experimental research at a top research institute instead of holding 
faculty appointments at a research university. Nusslein-Volhard remained in 
Europe, unlike Gerty Cori, Maria Goeppert-Mayer, and Rita Levi-Montalcini. Her 
quest for understanding the development of a single cell into a complex being 
was rewarded by receipt of the Nobel Prize in medicine with Eric Wieschaus 
and Edward Lewis in 1995 for their discoveries concerning the genetic control 
of early embryonic development. Their work on mutations in fruit fly em¬ 
bryos has implications for detecting birth defects in humans. Compared to 
the earlier generation of female scientists, Nusslein-Volhard has encountered 
less overt discrimination but more subtle gender discrimination in German 
science. She has been taken less seriously in the scientific community com¬ 
pared to her male counterparts in competition for jobs and first authorship 
on scientific publications (McGrayne 1998; Nobel Foundation 2007). 

The second oldest in a family of five children, Christiane Nusslein-Volhard 
was born into a modest household. Due to economic necessities, she learned 
to make things herself instead of buying them, or to learn from books by her¬ 
self. Similar to her parents, she enjoys music and likes painting. Her father 
was an architect and a son of a professor of medicine and heart and kidney 
specialist; her mother stayed home to take care of the children. A painter, her 
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maternal grandmother’s strong discipline and character inspired Nusslein-Vol- 
hard. The books from parents and tales and theories from siblings sustained 
her lifelong interest in science. Her father expected good academic perform¬ 
ance from the children. Nusslein-Volhard is a rarity among female laureates 
in that she enjoys the feminist activities that others shunned while also rec¬ 
ognizing the conflict between work and family for women. Like Yalow, Nus¬ 
slein-Volhard is a strong advocate for providing childcare for working 
mothers. She took action to set up daycare facilities at her workplace and 
gave part of her money to support childcare for women scientists. 

The Max Planck Institute in Germany has served as the professional home 
for Christiane Nusslein-Volhard since 1985. Support from the top research 
powerhouse in Germany gave her a chance to be in charge of her own re¬ 
search. Heinz Schaller was her thesis adviser for the master’s and doctoral 
degrees. She received her doctorate in 1973 and obtained the permanent 
position of director of the Department of Developmental Biology at the Max 
Planck Institute in 1985. Despite recognition for her originality and brilliance, 
for the most part, Nusslein-Volhard sustained her research through a series of 
hard-won fellowships. Had she been more geographically mobile like other 
female European laureates, Nusslein-Volhard might have garnered more sup¬ 
port for her work. 


Linda Buck 

Neuroscientist Linda Buck, the most recent female winner of the Nobel Prize, 
had never thought of being a scientist as a child. Like Nusslein-Volhard, Buck 
liked music and enjoyed doing the things that girls do, such as playing with 
dolls. She also learned from her father how to use tools and build things. Al¬ 
though Buck thought she wanted to have a career as a psychotherapist to 
help others, after taking a course in immunology as an undergraduate at the 
University of Washington in Seattle, she wanted to be a biologist. Buck learned 
how to be a scientist when she was a graduate student in the microbiology 
department at the University of Texas Medical Center in Dallas. When she 
underwent postdoctoral training at Columbia University in Richard Axel’s lab¬ 
oratory, Buck learned the recently developed techniques of molecular biol¬ 
ogy. Her first introduction to neuroscience led to Buck’s fascination with the 
brain’s cellular and connectional diversity. Like other female laureates, she 
found experimenting with different ways to study the nervous system “a great 
source of creative enjoyment.” A paper published by Sol Snyder’s group in 1985 
on odor detection made her determined to solve the puzzles of how humans 
and mammals could detect over 10,000 odorous chemicals and how identical 
chemicals could generate different odor perceptions. Buck conducted her 
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Neuroscientist Dr. Linda Buck was 
awarded the Nobel Prize in medicine 
in 2004 (with Richard Axel) for research 
related to the sense of smell. (Fred 
Hutchinson Cancer Research Center/ 
Roland Morgan) 



award-winning research at Harvard Medical School over a period of 10 years 
as a faculty member in the neurobiology department. In 2004, she shared the 
Nobel Prize in medicine with Richard Axel for their discoveries of odorant re¬ 
ceptors and the organization of the olfactory system (Nobel Foundation 2007). 

Born and raised in Seattle, Washington, Linda Buck is the middle child of 
three girls in a professional family. Her mother was a homemaker and her 
father was an electrical engineer. She attributed her scientific curiosity to her 
parents’ interest in puzzles and inventions. Her mother taught Buck “not to 
settle for something mediocre.” Like Nusslein-Volhard, Buck enjoyed spend¬ 
ing time with her maternal grandmother from Sweden. The lessons of Buck’s 
parents for their daughter strike a similar chord among female laureates: “I 
was given considerable independence. ... I was fortunate to have wonder¬ 
fully supportive parents who told me that I had the ability to do anything I 
wanted with my life. They taught me to think independently and to be critical 
of my own ideas, and they urged me to do something worthwhile with my life” 
(Nobel Foundation 2007). 

Buck seemed to have a career trajectory typical of a male scientist. Her ca¬ 
reer development and advancement were smooth sailing compared to those 
of other female laureates. After graduating from college with co-majors in 
psychology and microbiology in 1975, Buck completed her graduate study in 
five years, followed by a decade-long stint as a postdoctoral fellow and later 
an associate at Columbia University. At Harvard, she rose through the ranks 
of assistant, associate, and full professor from 1991 to 2001. In 2002, Buck 
returned to her hometown of Seattle to take up a position as a full member 
at the Fred Hutchinson Cancer Research Center while being an affiliate pro- 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 









Nobel Laureates 313 


fessor at her alma mater. Buck has not been critical of the scientific establish¬ 
ment. On the contrary, she seems to be very grateful for the support she re¬ 
ceived from her thesis adviser, supervisors of her postdoctoral work, and 
peers. 


Sources of Nurture and Support for the Laureates 

These descriptions confirm that the family has a decisive influence as an im¬ 
portant agent of socialization on the academic and/or career choices of the 
female laureates. These winners share several themes in their upbringing. 
Most came from middle-class, academic, or professional backgrounds. They 
grew up with a family tradition of emphasis on learning. Family figures such 
as (grand)parents were instrumental in nurturing and developing their intel¬ 
lectual interests. Usually their upbringing was inconsistent with the gender 
role expectations at the time. Most of the parents of female laureates did not 
raise their children according to the gender role expectations. They expected 
their children to choose subjects of their own interest instead of the academic 
or career interests typical for women in society. Many of them had “tinkering” 
experience in childhood and saw the practice of science firsthand. For some, 
engaging in science was part of their childhood. They had female role models 
who questioned or broke gender rules. They learned early that contrary to 
societal expectations, being a woman and learning science were compati¬ 
ble. 

Science is a social activity. Female laureates needed laboratory space and 
assistance for research activities. They surrounded themselves with people 
who were also committed to science and were willing to work with them to 
achieve their goals. Organizations and gatekeepers of science saw these tal¬ 
ented women as resources rather than as threats. Large institutions and those 
with significant power on the lookout for great ideas are not afraid to invite 
“newcomers” (including women) to join them and work on their projects. Fe¬ 
male laureates used the institution of science to their advantage. They were 
also employed (in)directly by the private or public sector. In addition to being 
a part of the “old-boys club,” some female laureates used limited individual ties 
with women to seek career advancement. 


How Do Laureates Deal with Gender Discrimination? 

In this essay, gender discrimination is broadly defined as being treated dif¬ 
ferently because of one’s biological makeup. Men are generally considered 
superior to women in intellectual and physical abilities. Gender stratification 
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is the outcome of this ideology. It often results in differential evaluation of 
social worth based on biological sex and unequal distribution of power, 
prestige, and wealth between men and women. The outstanding accomplish¬ 
ments of the female laureates are counterintuitive to the cultural and political 
barriers that they faced. Many had extensive administrative or leadership ex¬ 
perience: 

Marie Curie founded and became the head of the Radium Institute in 
Paris. She also directed a large-scale radiology service in France dur¬ 
ing World War I (1914-1919). 

Gerty Cori ran the Cori’s laboratory at Washington University in St. Louis, 
Missouri, for decades when her husband Carl Cori focused on writing 
and other administrative tasks. 

Irene Joliot-Curie served as the under secretary of state for Scientific Re¬ 
search (1936) and commissioner for Atomic Energy (1946-1951) in 
France. She succeeded her mother and became director of the Radium 
Institute (1946-1956). 

Rita Levi-Montalcini was a co-director of two research laboratories: the 
laboratory at Washington University in St. Louis and the Center for 
Neurobiology in Rome (1961-1979). 

Gertrude Elion was head of the Department of Experimental Therapy at 
Burroughs Wellcome Research Laboratories (1967-1983). 

Rosalyn Yalow directed the Solomon A. Berson Research Laboratory at 
the Bronx VA Medical Center (1973-1992). 

Christiane Nusslein-Volhard directed the Department of Genetics (1986- 
1990) and the Department of Developmental Biology (1990-present) 
at the Max Planck Institute in Tubingen, Germany. 

These examples document that the success of female laureates is not lim¬ 
ited to making discoveries. They are also shrewd managers or leaders of their 
organizations. As for gender discrimination or unwelcoming workplaces, their 
responses range from refusing to admit its existence through ignoring its pres¬ 
ence to downplaying its significance for career advancement. Finding a job 
at a department or institution with a culture of collegiality may provide the 
most sensible solution. Whether acknowledging or denying discrimination, 
they learned to deal with it as the “lone girl” and through networking with 
the “old boys” instead of calling for or initiating collective actions. A review of 
those who expressed their views on this issue is enlightening: 

Marie Curie: Life is not easy for any of us. But what of that? We must have 
perseverance and above all confidence in ourselves. We must believe 
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that we are gifted for something, and that this thing, at whatever cost, 
must be attained (Curie 1937, 121). 

Barbara McClintock: When a person gets to know you well, they forget 
that you are a woman. . . . The matter of gender drops away (Keller 
1983, 76). 

Rita Levi-Montalcini: I do not believe my career has been affected by 
being a woman. A woman’s career may be hampered in two ways: 
by her feeling of responsibility to her family and by professional dis¬ 
crimination. In my case, I had no family obligations because I am sin¬ 
gle and did not have that problem to face. As for the second difficulty, 
I have never felt, either in Italy or in the United States, any profes¬ 
sional hostility because of being a woman (Wasserman 2000, 42—43). 

Dorothy Hodgkin: No, I think it is because I did not really notice it very 
much, that I was a woman amongst so many men and the other thing 
is . . . that I am a little conscious that there were moments when it 
was to my advantage . . . and at the time just after the war, when there 
was an air of liberalism abroad and the first elections of women to 
the Royal Society that were made, that probably got me in earlier than 
one might have as a man, just because one was a woman (Wolpert 
and Richards 1988, 77). 

Gertrude Elion: I hadn’t been aware that any doors were closed to me 
until I started knocking on them. ... So when I got out and found 
that they didn’t want women in the laboratory, it was a shock. ... I 
almost fell apart. That was the first time that I thought being a woman 
was a real disadvantage. It surprises me to this day that I didn’t get 
angry. I got very discouraged (McGrayne 1998, 287). 

Rosalyn Yalow: Personally, I have not been terribly bothered by it. I have 
understood that it exists, and it’s just one other thing that you have 
to take into account what you’re doing. . . . Women, even now, must 
exert more effort than men do for the same degree of success [even 
though] there was something wrong with the discriminators, not some¬ 
thing wrong with me (McGrayne 1998, 338, 341-342). I didn’t pay any 
price for working so hard, and I never felt any gender bias. ... I’d 
like to think that I serve as a symbol of the fact that women can make 
it in what was once a man’s world (Straus 1998, 256). 

Christiane Nusslein-Volhard: As grad students, we didn’t talk about being 
discriminated against, though in retrospect I probably had more dif¬ 
ficulties [than men] (McGrayne 1998, 389). 

Linda Buck: The Hutchinson Center has a reputation for cutting edge 
science as well as a high level of collegiality, both of which were im¬ 
portant to me. ... As a woman in science, I sincerely hope that my 
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receiving a Nobel Prize will send a message to young women every¬ 
where that the doors are open to them and that they should follow 
their dreams (Nobel Foundation 2007). 

As for family demands, there is no uniformity in the patterns of their life. 
A few handled the conflict between family and work by remaining single and 
not having parenting responsibilities at all (e.g., McClintock, Levi-Montalcini). 
Elion stayed unmarried after her fiancee died. Nusslein-Volhard was married 
but divorced later without having any children. But most of them married or 
had a scientific partner (e.g., Buck) and many had children (e.g., Curie, Cori, 
Joliot-Curie, Goeppert-Mayer, Hodgkin, Yalow). 


Conclusion 

No specific career path leads to scientific success. Female Nobel laureates have 
followed both linear and nonlinear paths to reach the top. The majority hold 
the unconventional view that marriage is compatible with careers for women, 
although some do not. 

Female laureates have political acumen. They overcame the odds by them¬ 
selves along with the help of others. With the exception of Rosalyn Yalow 
and Christiane Nusslein-Volhard, they did not call for or work for collective 
changes in the practices and policies in science and society. For them, the 
best way to do better (or to overcome obstacles) was to be more qualified 
than men. Their actions legitimized the “Marie Curie Strategy,” the strategy of 
deliberate overqualification when competing with their male counterparts 
(Rossiter 1982, 130, 158-159). One can then argue that their defense mecha¬ 
nisms undermine rather than promote women’s progress in science and im¬ 
ply that women have themselves to blame for their disadvantaged status. The 
career success of these exceptional women might actually hurt other women’s 
prospects in science. 

Support for the structural explanation for the production of female laure¬ 
ates exists. All have relied disproportionately on the old boy network in ca¬ 
reer development and advancement. They collaborated primarily with men 
(with the exception of Marie Curie, who worked closely with her daughter 
Irene Joliot-Curie after the death of her husband Pierre Curie). Seven female 
laureates shared their Nobel Prize with either their scientific husband or male 
collaborators. Many obtained jobs (teaching or research) the old-fashioned 
way—through networks. By conventional standards in science, they are not 
deviants (Cottrell 1962). Women need and seek the support of men to make 
it in a man’s world, a dilemma that female scientists generally face. 
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Female laureates subscribe to the male culture of science and help to per¬ 
petuate the traditional scientific role model. First, they are intensely dedicated 
to achieving success in science. Second, rather than criticizing or changing 
the structure of science, they adapt to the male culture of science. Third, they 
show that women can make contributions to science within a male domain 
without changing the existing norms that measure excellence. 

Policy makers should explore particular problems that women may have 
at this elite level of the scientific establishment. The scientific community will 
not be able to attract and retain the best and brightest if individuals with high 
performance are not properly rewarded. (See also Discrimination; Professional 
Societies) 
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Gender and 
Occupational Interests 


Sue V. Rosser 


Strong associations exist between particular occupations and the gender of 
individuals associated with that occupation. For example, in the United States, 
the occupations of elementary school teacher or nurse evoke images and as¬ 
sociations with women in the minds of most individuals. Engineer and me¬ 
chanic link closely with men. 

The association of occupations with a particular gender occurs across cul¬ 
tures, but the sex/gender associated with a specific occupation varies among 
cultures and countries. For example, in the 1970s in the United States, most 
people paired doctor or physician with men, while in the former Soviet Union 
at that time, physicians were assumed to be women. The statistical reality 
formed the basis for this difference in the two countries. In the United States 
at that time, 93 percent of physicians were men whereas in the Soviet Union 
over 90 percent of physicians were women. Although the connection of a par¬ 
ticular sex with a specific occupation varies among cultures, one factor re¬ 
mains constant: in most societies, occupations dominated by men hold more 
prestige and command higher salaries than occupations dominated by women. 

In the United States, women currently earn more of the bachelor’s and 
master’s degrees than men. In 2004, women earned 57.6 percent of the bach¬ 
elor’s degrees in all fields (NSF 2007) and 59.1 percent of all master’s degrees. 
Beginning in 2000, women also earned more of the bachelor’s degrees in sci¬ 
ence and engineering (S&E) (50.4% in 2004), although they earn only 43.6 
percent of the master’s degrees in science and engineering. In 2004, women 
earned 60 percent of the Ph.D.s in nonscience and engineering fields, but only 
44 percent of the Ph.D.s in science and engineering received by U.S. citizens 
and permanent residents. 

The major gender differences occur in distribution of the genders across the 
disciplines. Overall, at the bachelor’s level, women earn the majority (61.1%) 
of the degrees in the nonscience and engineering fields such as humanities, 
education, and fine arts, and in the science and engineering fields of psychol¬ 
ogy (77.8%), the social sciences (54.2%), agricultural sciences (52.2%), and bi- 
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ological sciences (62.5%). Men earn most of the degrees in the physical sci¬ 
ences (57.9%); earth, atmospheric, and ocean sciences (57.8%); mathematics 
and statistics (54.1%); computer sciences (74.9%); and engineering (79.5%) 
(NSF 2007). 


Factors Impacting Career Choice 

Why are girls and women not choosing careers in science and engineering, 
since these represent some of the most prestigious and well-paying careers 
in our increasingly technological society? Many studies have explored the 
contributions of parents in their choice of toys, differential expectations for 
boys and girls, and interactions with their sons and daughters in shaping this 
choice. Other work has examined the impact of teachers, counselors, and 
curriculum as well as peers in the school environment as significant forces 
in the decision. Some work has emphasized biological differences between 
the sexes in terms of genes (Benbow and Stanley 1984), brain, and hormones 
that might lead to differences in visuospatial abilities, cognitive pathways, and 
aggression that might influence career choice. 

Even when girls and women do choose careers in science, the particular 
disciplinary areas they choose and the reasons for their choices seem to differ 
from those of boys and men. What accounts for the reasons most women 
choose some disciplines in science and engineering while more men choose 
others? Why did women earn 67.3 percent of the Ph.D.s in psychology in 
2004 while they earned only 11.1 percent of the Ph.D.s in mechanical engi¬ 
neering? Why did women receive almost half (46.3%) of the Ph.D.s in the 
biological sciences but only 20.5 percent of the Ph.D.s in computer science 
(NSF 2007)? 

Eccles (1994) has examined the factors significant in career choices and 
achievement goals. Her studies on gifted students reveal that females tend 
to be less confident of success than males in science-related professions, and 
males are less confident of their success than females in health-related pro¬ 
fessions, even those that involve extensive scientific training. Gifted girls rated 
biological science and both medical and social service occupations and train¬ 
ing higher than the boys did, while boys expressed more interest in both higher 
status and business-related occupations in general, and in the physical sci¬ 
ences, engineering, and the military in particular. Females desired jobs that 
were people-oriented while males placed a higher interest in jobs that allowed 
for work with machinery, math, or computers. 

Female high school seniors place more value than males on the importance 
of making occupational sacrifices for their families and on the importance of 
having a job that allows them to help others and do something worthwhile 
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for society. These data also revealed that gifted women desired a more varied, 
or multifaceted, type of life than men. This desire for variety, coupled with 
the tendency of women, more than men, to be involved in and to value com¬ 
petence in several activities simultaneously, may suggest why scientifically 
competent women are especially interested in biology, chemistry, medicine, 
and health rather than physics, computer sciences, and engineering. Physics, 
computer sciences, and engineering may be perceived as having a narrower 
focus and lacking orientation toward people. 

Helping others and doing something worthwhile for society serve as 
powerful motivators in attracting women to science in general and to the bio¬ 
sciences and health in particular. Studies of first-year college students’ majors 
show that students who switch from physical science majors to other sciences 
tend to choose biology. This trend is particularly true for females. Rarely do 
these women switch because of problems with grades or achievement in the 
physical sciences; more typically they become restive with the absence of 
people orientation and/or because of their attraction to other fields. In addi¬ 
tion to biology, women leaving physical science majors switched to psychol¬ 
ogy, education, and the humanities while men who left switched to the social 
sciences and business. 

Men and women may change majors for different reasons. College women 
gave “non-science, mathematics, and engineering ME major offers interest” 
as the most frequent reason for switching, while college men ranked that rea¬ 
son as fifth. Instead, the men ranked “lack of/loss of interest in SME: ‘turned 
off science’” as the most frequent reason; women ranked that as their second 
most frequent reason (Seymour and Hewitt 1994). These studies also strongly 
suggest that women leave science because of their service orientation to 
help others in difficulty. Understanding how science helps people may retain 
women. 


Different Employment and Advancement Opportunities 

Those women who persist through graduate school, receive the Ph.D., and 
become scientists and engineers have different experiences, hold different 
ranks, and earn different salaries than their male counterparts. Although men 
and women have similar educational qualifications, women with degrees in 
science and engineering have higher unemployment rates, lower job status, 
smaller salaries, and greater unemployment in science and engineering than 
their male counterparts (NSF 2007). 

Why are women who choose careers in science excluded from the higher 
positions in science? Women scientists have fewer opportunities for networking 
and mentoring and experience gender discrimination in recruitment and pro- 
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A medical student makes up a solution in a laboratory. (Laurence Gough) 


motion, both of which may stall their careers. Women in fields such as com¬ 
puter science and engineering report that the low numbers of women in these 
fields lead them to have a feeling of isolation and lack of camaraderie. Since 
women, including women in science, are more people-oriented than men, 
this isolation may bother them more. Women also report difficulties in gaining 
credibility and respectability from peers and superiors, especially in the more 
male-dominated fields (Rosser 2004). 

The major career issue reported by most women scientists and engineers 
is balancing career and family (Rosser 2004). Childbearing and childcare rank 
as very significant issues that conflict with pursuing a scientific career. In ad¬ 
dition, dual career difficulties may more frequently confront women scientists 
than women pursuing other careers because 62 percent of women scientists 
are married to men scientists (Sonnert and Holton 1995). Given the relatively 
small numbers of women scientists, most men scientists are not married to 
other scientists. 


Impact of Masculine Domination on Science 

Some have argued that science and masculinity have been conjoined since 
the birth of early modern science and are mutually reinforcing. Women have 
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historically been relegated to lower-level positions in science because of their 
perceived failure to behave in ways that follow the male traditions of science. 
These traditions include toughness, rigor, rationality, impersonality, compe¬ 
tition, and lack of emotionality. These traditions continue to attract men to 
science and exclude women, creating a type of science that reflects these 
characteristics. Science is a masculine province not only because it is popu¬ 
lated mostly by men but also because of the choice of experimental topics, 
use of male subjects for experimentation, interpretation and theorizing from 
data, and the practice and applications of science undertaken by the scientists. 
Evelyn Fox Keller (1982) suggests that since the scientific method stresses ob¬ 
jectivity, rationality, distance, and autonomy of the observer from the object 
of study, individuals who feel comfortable with independence, autonomy, 
and distance will be most likely to become scientists. Since these character¬ 
istics of the scientific method overlap considerably with characteristics as¬ 
sociated with masculinity, more men will feel drawn to science while more 
women will feel excluded from it. 

Building on the work in object relations theory, Keller (1982) suggested 
that in our society where most of the primary caretakers are women, boys 
are pushed to be independent, distant, and autonomous from their female 
caretakers, whereas girls are permitted to be more dependent, more intimate, 
and less individuated from their mothers or female caretakers. She explored 
how the gender identity proposed by object relations theory with women as 
caretakers might lead more men to choose careers in science since individuals 
who feel comfortable with independence, autonomy, and distance will be 
most likely to become scientists and in turn create a science that reflects those 
same characteristics of independence, distance, and autonomy. Clearly, hav¬ 
ing men play a more prominent role as caretakers of children might lead to 
more women choosing science. 


Policy Conclusions 

In the interim, solving some of the more practical issues of balancing career 
and family by providing adequate daycare, including care for sick children, 
would improve the lives and possibly the careers of women scientists and 
engineers. Strong government policies encouraging women to obtain educa¬ 
tion and participate in careers in science and engineering can also be effec¬ 
tive. In the former East Germany, in keeping with the official political goal 
of gender equality, women were directed into the sciences and vocational 
training in technical fields. A generous childcare infrastructure also existed. This 
resulted in relatively high participation of East German women in the labor 
force (78%) compared to women in West Germany (39%). In East Germany, 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


324 Women, Science, and Myth 


46 percent of the students in the sciences were women; in West Germany 
during the same time women were 32 percent of science students. In engi¬ 
neering, the relative numbers were 25 percent versus 12 percent (Grimm and 
Meier 1994). Since reunification, the percentages of women in the overall 
labor force and in science and engineering in the former East Germany have 
dropped. These figures suggest that policies and infrastructure contribute sig¬ 
nificantly to the choice and numbers of women in scientific and technical oc¬ 
cupations. (See also Appendix Tables; Cognitive Abilities; Critiques of Science; 
Nature/Nurture) 
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Other Perspectives on Gender 
and Myths and Beliefs in 
Scientific Research 

Feminist Philosophy of Science 

Lynn Hankinson Nelson 


Feminist philosophy of science emerges at the intersections of feminist science 
studies and the philosophy of science. Its core research questions and devel¬ 
opments are significantly influenced by each tradition. Nowhere is this in¬ 
fluence clearer than in its origins. Philosophical engagements with the 
sciences from feminist perspectives arose in direct response to the internal 
science critiques feminist scientists leveled in the 1970s and 1980s. These cri¬ 
tiques focused on remaining informal barriers to women’s full participation in 
science and on the role of male-centered or androcentric beliefs and values 
in shaping the directions, methods, and content of various sciences. 

From the outset, there was considerable interest in the epistemological im¬ 
plications of these critiques: what they suggested about the nature of scientific 
reasoning and practices and the objectivity or unbiased nature of scientific 
knowledge. There was also considerable disagreement about them. Were the 
cases in which feminist scientists had documented the role and consequences 
of androcentrism simply cases of bad science and thus without implications 
for science itself? When many feminists answered no, they drew hostile re¬ 
actions from many philosophers and scientists. Should feminism be credited 
with enabling scientists to recognize androcentrism in various sciences that 
had previously gone unrecognized? Affirmative answers to this question were 
also received with hostility, with many traditionalists arguing that the recog¬ 
nition of androcentrism was just typical of science’s ability and tendency to 
self-correct. Any suggestion of a relationship between the content of science 
and the social identities and/or contextual beliefs and values of individual sci¬ 
entists as feminists or nonfeminists was condemned as embracing relativism. 
An important source of these reactions was a picture of science developed 
in the philosophy of science. 
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Foundations of the Philosophy of Science 

The philosopher W. V. Quine described the philosophy of science as “science 
gone self-conscious.” From the 1930s, when philosophy of science emerged 
as a distinct and vibrant area of philosophical inquiry, philosophers sought 
to understand the nature of scientific reasoning, the nature and strength of 
the evidence that supported scientific theories, and the sources of scientific 
success in explaining and predicting natural and social phenomena. Their 
analyses sought to demonstrate that observation provides a firm foundation 
against which scientific theories and hypotheses were rigorously tested and 
that science’s objectivity was a function of its value freedom and intersubjec¬ 
tivity or replicability for verification. This cluster of commitments is often 
termed objectivism. 

For philosophers and scientists whose views were influenced by these ar¬ 
guments, it was difficult to conceive of ways in which gender (either that of 
individual scientists or a scientist’s assumptions about gender) could have any 
impact on the content of good science. A long-held distinction between “the 
context of discovery” and “the context of justification” allowed for contextual 
beliefs and values (i.e., personal, social, cultural, and historical beliefs and 
values) to have a role in the context in which hypotheses are formulated or 
discovered but not in the context in which hypotheses are tested and either 
confirmed or falsified (the context of justification). In the context of justifi¬ 
cation, philosophers had maintained that logical relationships between hy¬ 
potheses and data and the role of data in determining the fate of hypotheses 
ensure scientific intersubjectivity, value freedom, and the acceptance of only 
those theories that accurately reflect nature. 

Feminists also disagreed about the epistemological implications of feminist 
internal science critiques. Evelyn Fox Keller stressed the need to find “a mid¬ 
dle ground” between viewing science as irredeemably masculinist and/or as 
simply “politics by other means,” as some early feminist analyses suggested, 
and the objectivism, summarized above, which traditionally minded philoso¬ 
phers and scientists took to be the only alternative to relativism (Keller in Tu- 
ana 1987, 37-50). Keller argued that just as feminist analyses of scientific 
theories about purported sex differences had required reconceptualizing gen¬ 
der as a complex and pliable construct rather than a fixed and independently 
real set of characteristics, feminist analyses of science must also incorporate 
insights emerging in a variety of disciplines that the sciences are historical, 
contingent, and thoroughly human undertakings (Tuana 1987). 
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Challenges of Feminism to Science 

Keller’s article appeared in a special double issue of Hypatia on the topic “Fem¬ 
inism and Science” (Tuana 1987, 1988). The themes, issues, and arguments 
of these volumes shaped feminist philosophy of science for the next decade 
and a half. Three themes, in particular, constituted points of departure for many 
efforts to understand the epistemological implications of feminist engage¬ 
ments with science. First, contributors concurred with Keller that there was 
a need for more adequate and comprehensive theories of science. Although 
their approaches differed, many argued that these theories must reconceptu¬ 
alize objectivity in ways to disentangle it from value freedom and explore 
how a scientist with explicit value commitments, such as feminism, might “still 
do ‘good’ science” (Longino in Tuana 1987, 56). Reflecting evidence from sci¬ 
ence studies that scientific objects can be partly a function of human con¬ 
struction as well as of an independent reality, contributors also argued that 
feminist theories of science must take social constructivist insights seriously 
“without sacrificing” the ability to explain how science can be “a reliable, 
though not foolproof process” (Alcoff in Tuana 1987, 122). In these and other 
ways, contributors rejected relativism. 

Second, a number of contributors recommended a thorough and social nat¬ 
uralism: “We need to look and see what assumptions scientists actually hold 
when they decide between conflicting generalizations” (Potter in Tuana 1988, 
30). Several also saw the need for close study of the specifics of research 
practice to avoid the false universalizing that had led philosophers to highly 
idealized accounts of such practice (e.g., Harding in Tuana 1987, 29-32). 

A third theme was a strong commitment to a symmetry thesis: that taking 
gender into account is relevant for understanding bad science and good sci¬ 
ence, perhaps even the best science (Potter in Tuana 1988, 19-33). In their 
arguments for this thesis, many contributors noted relatively recent develop¬ 
ments in the philosophy of science that reflected a shift from efforts of earlier 
generations to “justify” science to a more “naturalistic” approach that studied 
historical and contemporary science as actually practiced. Work motivated and 
characterized by naturalism, both in philosophy of science and fields such as 
sociology of science, was revealing the role of contextual and contingent fac¬ 
tors in scientific practice. Contributors drew directly on this body of work, as 
would feminist philosophers and scientists in the years that followed. 


Role of Assumptions 

In the philosophy of science of the 1960s and 1970s, empiricists such as Carl 
Hempel argued that models of the context of justification that took hypotheses 
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and data as the only factors involved in the testing of hypotheses are inade¬ 
quate. Hempel demonstrated a ubiquitous and unavoidable role for auxiliary 
assumptions in linking specific hypotheses to relevant data. He also used his¬ 
torical cases to demonstrate that faulty auxiliary assumptions can lead to the 
rejection of a good hypothesis. Conversely, he showed that the apparent con¬ 
firmation of a hypothesis might not be a function of its adequacy but rather 
reflect one or more auxiliary assumptions that, together with the hypothesis, 
yielded the prediction. 

Hempel’s argument provided feminists with a methodological approach to 
studying precisely how and when contextual assumptions enter scientific rea¬ 
soning as auxiliary assumptions. For example, Helen E. Longino cited cases 
she and Ruth Doell had earlier investigated in research undertaken in endo¬ 
crinology into the role of prenatal hormones in fetal brain development. They 
found that sociocultural assumptions about gender played a significant role 
in the formation of hypotheses, design of experiments, and interpretations of 
experimental results. Longino used this and similar cases to strongly defend 
the symmetry thesis: “One can’t give an a priori specification of [the logic of 
justification] that effectively eliminates the role of value-laden/contextual 
assumptions in legitimate scientific inquiry,” she argued, “without eliminating 
auxiliary [assumptions] altogether” (Longino in Tuana 1987, 55, emphasis 
added). That is to say, there is no legitimate (empirically based) way to deny 
any role for auxiliary assumptions that reflect social and cultural beliefs with¬ 
out denying the role of all auxiliary assumptions, and Hempel had demon¬ 
strated that this was not possible. 

Investigating the role of contextual and value-laden assumptions in helping 
to forge the relationship between a hypothesis and data became a major com¬ 
ponent of feminists’ analyses of science in the 1990s. In Science as Social 
Knowledge, Longino developed “constructive empiricism,” a theory of scien¬ 
tific practice that sought to explain the role and consequences of the auxiliary 
assumptions feminists criticized and the role of feminist values in the con¬ 
struction of alternative hypotheses and methods (Longino 1990). An example 
on which many feminists focused was the “Man, the Hunter” theory of human 
evolution that credited the evolution of humans’ large brains, language, and 
social evolution to hunting engaged in by our male hominid ancestors. The 
only data available were chipped stones found near the remains of early ho- 
minids. On the basis of auxiliary assumptions linking males with tool use and 
hunting, the stones were taken as evidence of a “hunting adaptation” that re¬ 
quired and led to the development of language, cooperation, and social struc¬ 
tures. Demonstrating that the auxiliary assumption was unwarranted, 
feminists in anthropology advanced an alternative. This “Woman, the Gath¬ 
erer” theory, according to which the stones were evidence of tool making for 
gathering typically associated with women, credited mother/child bonds with 
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the evolution of language, cooperation, and social structures (Longino 1990; 
Nelson 1990). 


Symmetry Thesis 

Contributors also used positions advanced by W. V. Quine to support the 
symmetry thesis. They appealed to Quine’s holism: his argument that theories 
of science, common sense, and philosophy form a network and are radically 
interdependent. Quine argued against foundationalism, that there is a “non- 
theoretical” foundation for science in observation or anything else, and against 
the possibility of anything like an Archimedean standpoint or “view from 
nowhere.” We work, he argued, as scientists, philosophers, and lay persons 
from within a body of theories we inherit and seek to improve. Coherence with 
experience and coherence with the network of theories we currently accept 
are the appropriate (and only) criteria for evaluating beliefs, hypotheses, and 
theories. 

Some contributors cited holism as demonstrating, by example, that there are 
alternatives to objectivism and relativism, since holism dictates that we cannot 
presume access to an unmediated reality (Alcoff in Tuana 1987,107-129) and 
that the world we theorize about is the world we are already in (Heldke in 
Tuana 1987, 129-141). Linda Alcoff also suggested that the interrelationships 
Quine posited between all “levels” of theories and theorizing and the value 
attributed to intertheoretical coherence might prove useful in explaining the 
relationships between science and commonsense assumptions about gender. 
Such relationships might also explain and justify the alternative hypotheses and 
research questions feminists in the social sciences were advocating. Although 
holism itself might not be sufficient to feminist efforts to develop more ade¬ 
quate theories of science, holism challenges the boundary traditionalists claimed 
to obtain between the sciences and “commonsense” beliefs and values. 


Underdetermination 

Contributors also appealed to Quine’s underdetermination thesis: the thesis 
that all theories, even the most successful, are underdetermined by all the ev¬ 
idence there is. There is “slack,” Quine argued, between any theory and all 
the evidence we have or ever will have for it. Numerous theories, including 
those conflicting with those currently accepted, might be equally compatible 
with all available evidence. 

That all theories, not just those feminists criticized, are underdetermined 
by all available evidence was seen to provide additional support for the 
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symmetry thesis. The gap between theories and evidence is yet another av¬ 
enue by which contextual beliefs and values can come to inform good science. 
Elizabeth Potter argued that in choosing between two formulations of the Ideal 
Gas Law, both compatible with all the relevant phenomena, Robert Boyle was 
simultaneously choosing between two metaphysics: one that nature is inert; 
the other that nature is active. At the time, Potter documented social and cul¬ 
tural assumptions about women linking them to nature and passivity. Potter 
suggested that Boyle’s socially conservative beliefs about women and other 
groups may have had a role in his choice of an inert nature, although the 
data supported either theory (Potter in Tuana 1988, 19-34). 


Taxonomy of Feminist Epistemologies 

In The Science Question in Feminism, Sandra Harding provided a taxonomy 
of feminist epistemologies, which included feminist empiricism, feminist stand¬ 
point theory, and feminist postmodernism. The least promising appeared to 
be feminist empiricism (Harding 1986). But in 1990, two books appeared out¬ 
lining neo-empiricist theories of science commensurate with feminist science 
critiques and with the constructive alternatives feminist scientists were devel¬ 
oping: Longino’s Science as Social Knowledge and Lynn Hankinson Nelson’s 
Who Knows: From Quine to Feminist Empiricism (Nelson 1990). Each ap¬ 
pealed directly and extensively to holism and underdetermination. While the 
details of their models of science differed, both used these positions to argue 
that scientific knowledge is fundamentally social (i.e., the product of social and 
contingent processes) and that social beliefs and values can and do inform 
legitimate science. 

Two other developments revealed contextual and contingent aspects of 
scientific practice and further supported the symmetry thesis. Philosophers 
of science had come to recognize the role of values in scientific practice; 
these were limited to so-called epistemic values—values thought to be truth- 
conducive (i.e., theories that had such values were more likely to be true). 
They used these when choosing between theories equally compatible with 
available evidence. Thomas Kuhn’s list of epistemic values included simplic¬ 
ity, generality of scope, and internal and external consistency, among others. 
It closely resembled other such lists. But Kuhn cited cases in historical and 
contemporary science to argue that since epistemic values cannot be attained 
simultaneously, scientists must and do engage in trade-offs (between, for ex¬ 
ample, simplicity and generality of scope). Such trade-offs often reflect the 
contingent values of particular research traditions. 

The role of epistemic and nonepistemic values in scientific practices led to 
promising developments in feminist philosophy of science. Longino juxtaposed 
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a list of traditionally recognized epistemic values with the epistemic values 
she found as criteria of theory choice in the work of feminist scientists (Lon- 
gino in Nelson and Nelson 1996). While “empirical adequacy” appeared on 
both lists, there were clear distinctions between the two lists in terms of other 
values. In contrast to the traditional value attributed to simplicity, Longino 
identified “ontological heterogeneity” and “complexity of relationships” as 
among the features feminist scientists value. Recognizing differences and 
complexities was often important in not allowing gender to “disappear,” as 
Longino illustrated with specific cases. For example, instead of focusing vir¬ 
tually exclusively on the role of the Y chromosome and forms of testosterone 
in directing male fetal development, as generations of scientists had done to 
simplify their accounts of fetal development, feminists argued that any model 
that treated female fetal development as simply the “default” trajectory would 
fail to provide an accurate account of human fetal development (Wylie and 
Nelson 2007). Here simplicity was not a virtue; ontological heterogeneity, the 
recognition of difference, was. Drawing another contrast, Longino identified 
“novelty” as a virtue valued by feminist scientists as opposed to “conservatism” 
(or external consistency) on traditional lists. After all, feminists argued, con¬ 
servatism—coherence with other accepted theories—seemed to function to 
entrench androcentric assumptions across a variety of sciences. 

The last development mentioned here that proved useful in defending the 
symmetry thesis was the recognition of how theories help to shape what is 
observed. In the 1950s, N. R. Hanson demonstrated that what observers “see” 
is not solely determined by the physical processes at work, including the light 
rays given off by an object independent of an observer that impact the eye, 
etch impressions on the retina, and so forth. Rather, what observers “see” 
in the sense of visual experience is as much a function of their conceptual 
schemes, background knowledge, prior experience, and expectations as it is 
of their retinal images. Kuhn used Hanson’s arguments and cases in the his¬ 
tory of science to argue that scientists who have undergone a scientific rev¬ 
olution are able to observe what the earlier theory prohibited, and do so using 
the same instruments and looking in places they have looked before. An im¬ 
plication of Hanson’s and Kuhn’s arguments is that although partly a function 
of physical processes, observation does not constitute the “firm foundation” 
earlier generations of philosophers and scientists had assumed. 


Translation to Research Practice 

Feminist scientists cited many cases as suggesting that observations in their 
field were shaped by assumptions about gender. Contributors appealed to 
the theory-ladenness of observation to explore how such assumptions helped 
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to shape observations of reproductive systems and processes (Tuana 1988, 
35-60) and the process of fertilization (Biology and Gender Study Group in 
Tuana 1988, 61-76). They also noted observations notmade (e.g., of women’s 
contributions to various aspects of public life, including science, or female 
dominance hierarchies within primate groups) because contextual beliefs or 
values suggested they did not exist (e.g., Alcoff in Tuana 1987; Harding 1987). 
Contributors also cited examples in which observations not shaped by andro¬ 
centric assumptions were more accurate (e.g., Biology and Gender Study 
Group in Tuana 1988, 61-76). 

Later feminist analyses would continue to explore the role of theories and 
assumptions in shaping observation. For example, Emily Martin cited both 
the theory-ladenness of observation and gender stereotypes in her critique of 
the ways in which the process of fertilization was described as a romantic 
fairy tale in which the sperm/male had the primary role in awakening the 
passive egg (Keller and Longino 1996); and Elisabeth A. Lloyd analyzed how 
“pre-theoretical assumptions” linking females’ sexuality with reproduction led 
researchers to fail to observe, or choose to ignore, females in a variety of 
species achieving orgasm with each other (Keller and Longino 1996). 

The need to reconceptualize objectivity so as to disentangle it from value 
freedom also contributed to significant developments. Feminist standpoint 
theorists (e.g., Harding 1991; Wylie 2003) and postmodern theorists (e.g., Har- 
away 1991) emphasized that all inquirers are “situated” and their perspectives 
necessarily “partial.” Sandra Harding developed the notion of “strong objec¬ 
tivity,” which called for “reflexivity”—for seeking to understand the limits 
of one’s own perspective through active efforts to take on the perspective of 
others (Harding 1991). Donna Haraway related objectivity directly to recog¬ 
nizing the particularity, partiality, and embodied nature of one’s vision (Har¬ 
away 1991). Advocating a sophisticated neo-empiricism, Longino attributed 
objectivity to the kinds of processes that should characterize the knowledge¬ 
seeking practices of science communities. These processes would allow a 
diverse and equally respected group of scientists to identify unwarranted aux¬ 
iliary assumptions and contribute to better (more warranted) hypotheses and 
theories (Longino 1990). 

Since 1987-1988, an even greater number of philosophers of science have 
come to accept and adopt the naturalism and contextualism that began to 
emerge in the 1970s and served as resources for feminists’ engagements in the 
philosophy of science. Feminists no longer must argue for many of the con¬ 
textualizing insights for which they had to argue in the 1980s. Instead, they can 
concentrate on substantive case studies that reveal the relationships between 
gender and other socially salient categories and specific research programs 
and hypotheses. 
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A recent double issue of Hypatia devoted to feminism and science illus¬ 
trates this and the growth of interdisciplinary approaches in feminist theoriz¬ 
ing about and within science (Nelson and Wylie 2004). Many contributors 
adopt a naturalistic stance to undertake substantive analyses of areas of em¬ 
pirical science, focusing on a broad range of disciplines. These include analy¬ 
ses and critiques of reproductive endocrinology and molecular biology (Roy 
in Nelson and Wylie 2004, 255-279) and of historical and contemporary re¬ 
search on female sexuality and anatomy (Tuana in Nelson and Wylie 2004, 
194-232). One contributor interrogates the role of race and gender in bio¬ 
medical uses and understandings of the HeLa cell line (Weasel in Nelson 
and Wylie 2004, 183-193); another offers a gendered reworking of colonial 
and postcolonial science (Schiebinger in Nelson and Wylie 2004, 233-254). In 
keeping with an increasingly constructive, not simply critical, approach to the 
sciences, contributors propose feminist alternatives to the models they criti¬ 
cize and explore how feminist perspectives can lead to advances in both the 
sciences and our historical and philosophical understanding of them. 

A number of contributors also cite feminist analyses of the 1990s as influ¬ 
encing their work as scientists. Cell and molecular biologist Lisa Weasel cites 
the influence of the work of Sandra Harding and Donna Haraway on “situ¬ 
atedness” and “the privilege of partial vision” as motivating her engagements 
with the HeLa cell line as a study of “what a critical feminist practice of science 
looks like from within the science laboratory, from within the scientific re¬ 
search process” (Weasel in Nelson and Wylie 2004, 184-185). Reproductive 
neuroendocrinologist Deboleena Roy cites the arguments of Harding con¬ 
cerning feminist methods of gathering evidence and conducting research as 
motivating her own search for what a feminist method within a science might 
be (Roy in Nelson and Wylie 2004, 259). She also cites Longino’s arguments— 
that “feminist science” is best conceived, not in terms of the content of sci¬ 
ence, but rather as “practicing science as a feminist” (Longino in Tuana 1987, 
51-65)—as motivating her search for how feminism, as a methodology and 
epistemology, might transform her practice as a scientist. Both scientists note 
some difficulties they encounter trying to put feminists’ philosophical recom¬ 
mendations into practice and what their own experiences suggest for other 
feminist scientists and for feminist philosophy of science. 


Current Situation 

When contributors to the second Hypatia volume turned to broader philo¬ 
sophical issues, it was now in the context of an epistemic terrain structured 
by several decades of feminist exploration. They were able to work with a 
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number of more finely delineated positions than were available in 1987-1988. 
They called for a more thoroughgoing feminist naturalism by turning to under¬ 
used resources (Clough in Nelson and Wylie 2004, 102-118); they argued for 
ways to improve and refine feminist empiricism (Anderson in Nelson and 
Wylie 2004, 1-24; Sobstyl in Nelson and Wylie 2004, 119-141) and feminist 
standpoint theories (Harding in Nelson and Wylie 2004, 25-47; Ruetsche in 
Nelson and Wylie 2004 73-101); and they substantially extended earlier and 
influential analyses of the nature and role of nonepistemic values in scientific 
practice (Anderson in Nelson and Wylie 2004, 1-24). 

Collectively, contributors undertook an extended exploration of a number 
of epistemic and ethical issues important to feminist science studies in the 
last decades. They are concerned with understanding the precise nature of 
the values that inform science and the ways these values shape scientific con¬ 
tent and practice; they further scrutinize the “situatedness” of scientists and 
science studies scholars; they attend to the ways the dynamics of gender, race, 
class, and culture inform scientific practice; and they ask what implications their 
emphasis on the contingency and sociality of science has for philosophical 
debates about objectivism and relativism. {See also Critiques of Science; Fem¬ 
inist Science Studies) 
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Biologists Who Study 
Gender/Feminism 

Mary Wyer 


In the heyday of the women’s liberation movement in the 1970s, professors 
and students at universities challenged major assumptions and paradigms of 
academic disciplines that had marginalized and/or excluded women’s lives 
as valid subjects of study. These challenges pointed to an “invisible curricu¬ 
lum” that reinforced the social, economic, and political power of men over 
women. In tandem with these efforts, a small cadre of biologists began to 
explore the ways in which scientific perspectives promoted the inequality of 
women by fostering myths about women’s abilities and interests. Seven women 
have been especially important to the development of feminist perspectives 
on science inside and outside of academia. These seven biologists identified 
and articulated in scholarly detail the myths upon which the “invisible cur¬ 
riculum” rested, targeting in particular the claim that biological sex differences 
in intellectual ability and interests favor men and disadvantage women. By 
the 1980s, these scientists had combined their commitments to objectivity and 
feminism to provide a uniquely informed perspective on scientific research 
that launched a major national debate about objectivity in science. Though 
each author has offered a distinct theoretical perspective and scope of work, 
their collective contribution has been to demonstrate that biological knowl¬ 
edge about humans—women’s bodies, health and medicine, neurobiology, 
reproduction, sexuality, and sex differences—is shaped by, and shapes, so¬ 
ciety (Longino 1990; Rose 1994). Pioneering contributors to this approach 
include Linda Birke, Ruth Bleier, Anne Fausto-Sterling, Ruth Hubbard, Evelyn 
Fox Keller, Sue Rosser, and Bonnie Spanier. More recently, Patricia Gowaty 
has made significant contributions. Many other scholars from inside and 
outside of biology have developed theory and research in feminist science 
studies. However, this small group of women are notable as biologists who 
applied their scientific expertise to elaborating specific topics, approaches, 
and arguments about women’s biology, intellectual abilities, experiences, and 
education. 
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Linda Birke (1948-) 

Linda Birke earned degrees in the biological sciences and animal behavior 
from the University of Sussex, United Kingdom, with a focus on hormones 
and animal behavior. Her earliest work on women/gender emerged from a 
discussion group in the 1970s, the Brighton Women and Science Group, 
where she and her colleagues sought to bridge the seemingly intractable di¬ 
vide between feminist perspectives and scientific ones. Birke critiqued both 
feminist theory and biological theory about sex differences. In her first major 
book, Women, Feminism, and Biology (1986), she analyzed early feminist 
theory about the origins of women’s oppression, arguing that by focusing ex¬ 
clusively on patriarchal power as a transhistorical force in gender relations, 
feminist theory unwittingly reinforced the idea that women’s biology deter¬ 
mined social arrangements. She also challenged the concept of biological 
determinism, arguing that research in this vein depended on experimental 
designs that reduced complex phenomena to a simple one-way relationship, 
precluding more dynamic models of the nature/culture relationship. “Our bi¬ 
ology,” she said, “does not determine anything” (106). As a biologist, Birke’s 
objective has been to advance an understanding of scientific inquiry as fem¬ 
inist inquiry, to develop a “feminist science.” In her definition, a feminist sci¬ 
ence would be one in which scientists recognize that they are social agents, 
that the human/nature relationship is one of cooperation rather than exploita¬ 
tion and domination, that research practices should be humane and egalitar¬ 
ian, and that research goals should be directed at human well-being and 
liberation. She reflected on her experiences in the laboratory with animal ex¬ 
periments in “On Keeping a Respectful Distance” (Birke and Hubbard 1995). 


Ruth Bleier (1923-1988) 

Ruth Bleier was a leading expert on neuroanatomy and the hypothalamus in 
animals. She received an M.D. from the Woman’s Medical College of Penn¬ 
sylvania in 1949 and practiced general medicine before beginning her re¬ 
search career at the Johns Hopkins School of Medicine in 1957. She was active 
in the peace and civil rights movements, affirmative action and salary equity 
initiatives, and the founding of the Women’s Studies Program at the University 
of Wisconsin-Madison, which she chaired from 1982 to 1986. By her account, 
her book Science and Gender (1984) was the first book-length feminist critical 
analysis of science by a scientist. It was followed by her edited collection, 
Feminist Approaches to Science (1986), which included a series of ground¬ 
breaking essays describing the ideological content of modern science, the 
possibilities of feminist perspectives as a corrective, and the implications of 
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these insights for the university curriculum. Bleier’s writings reveal her deep 
commitment to objectivity and the scientific method in her energetic chal¬ 
lenges to theories of human evolution, research on sex differences, and stud¬ 
ies of hormones, behavior, and the brain. Her template for analyzing flawed 
scientific assumptions, methods, and conclusions is a classic demonstration 
of scientific rigor, as useful today as when it first appeared in Science and 
Gender. For Bleier, feminist perspectives are revolutionary and transforming, 
offering the sciences a path to a more complete, holistic, and complex un¬ 
derstanding of the natural world. 

Anne Fausto-Sterling (1944-) 

Anne Fausto-Sterling earned her doctorate in developmental genetics at 
Brown University in 1970; her current research interests are in molecular and 
developmental genetics. Her widely read first book, Myths of Gender (1985), 
launched her career as a public scholar, lecturer, and educator about the op¬ 
pressive, distorted, and destructive themes of research on sex/gender differ¬ 
ences. In the years since, Fausto-Sterling’s work has consistently asserted that 
scientists’ claims to hold rational and value-free perspectives are undercut 
by an unrecognized and unarticulated ideology of male dominance in con¬ 
ventional content, priorities, and methods. In particular, Fausto-Sterling has 
revealed the ways in which this ideological content informs multiple gener¬ 
ations of scientific research. She has elaborated her arguments with persua¬ 
sive detail on topics such as menopause and menstruation, cognitive abilities 
and intelligence, brain function and organization (famously the corpus callo¬ 
sum), genes and gender, sex hormones, and human sexualities. Her book, 
Sexing the Body (2000), received numerous awards, including an American 
Library Association award (2000) for outstanding academic book, the Robert 
K. Merton award (2000) from the American Sociological Association, and the 
distinguished publication award (2000) from the Association for Women in 
Psychology. In addition to her research, Fausto-Sterling sparked a debate within 
women’s studies programs about the marginalization of scientific perspec¬ 
tives in their degree requirements and courses (Fausto-Sterling 1992). Fausto- 
Sterling’s call for “building two-way streets” between women’s studies and the 
sciences has prompted a variety of programmatic efforts to utilize women’s 
studies in the science curriculum and vice versa. 

Patricia Gowaty 

Patricia Gowaty received her doctorate in zoology from Clemson University in 
1980. Her current research focuses on the intersections of ecology, evolution, 
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and behavior in theories about sexual conflict, mate choice, and reproduc¬ 
tion. As a scientist, she is perhaps best known for her behavioral research on 
Eastern bluebirds. Gowaty has contributed a unique perspective to feminist 
science studies by embracing some of the general premises of sociobiology 
and evolutionary psychology while advancing significant critiques of conclu¬ 
sions about sex roles and parental investment. For instance, she has argued 
that mate choices are subject to social and ecological pressures as well as 
evolutionary ones, so that male and female sex roles may be at once flexible 
and yet predictable when all of the parameters are known and measured. In 
her important Signs article, “Sexual Natures: How Feminism Changed Evolu¬ 
tionary Biology,” Gowaty (2003) challenges universalizing evolutionary the¬ 
ories that characterize females’ mate choice strategy as choosy and males’ 
mate choice as indiscriminate. Like other biologists with feminist perspectives, 
Gowaty critiques research that is “bad science” about sex role differences 
in mating strategies and parental investment—that is, research that utilizes 
untested theories to generate inadequate evidence for explanations that are 
poorly explored. Gowaty argues that her feminist perspective made it possible 
for her not only to see the limitations of earlier research but also to imagine 
the experiments that could adequately test the theories at play and offer alter¬ 
nate explanations for the phenomena. 


Ruth Hubbard (1924-) 

Ruth Hubbard was born in Austria and emigrated to the United States with her 
parents in 1938 to escape Nazi Germany. She received her Ph.D. in biology 
from Radcliffe College in 1950. She is the first woman to have been tenured as 
a professor of biology at Harvard University. Her scientific research focused 
on the photochemistry of vision in vertebrates and invertebrates, and in 1967, 
she won the University of Zurich Paul Karrer Medal with her husband, George 
Wald, for their work on this topic. Hubbard’s fearless and vocal political com¬ 
mitments in the 1960s and 1970s placed her in the forefront of feminist chal¬ 
lenges to biological explanations for women’s inequality. Hubbard’s essay, 
“Have Only Men Evolved?” (1979), broke new ground in calling attention to 
the ways in which discredited ideas from 19th-century social Darwinism had 
been reformulated as sociobiology. Her 1979 edited collection, Genes and 
Gender (co-editor Marian Lowe) is perhaps the first volume to critically ex¬ 
amine contemporary biological theories about women. Over 30 years of writ¬ 
ings consistently champion the necessity of demystifying scientific research 
in order to see that scientists work within social and political contexts. The 
cultural authority of science, she argues, is implicated in providing “factual” 
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evidence to legitimate race, class, and gender inequalities. For Flubbard, the 
pretense that science is objective, value-neutral, and apolitical masks the com¬ 
plicity of scientists in supporting the status quo of power relations. She has 
thus presented feminists (women and men) in science with the challenge of 
integrating their political vision with their working lives. Recent work extends 
this challenge to rethinking exploitive relations with plant and animal life in 
research, including the Fluman Genome Project. 


Evelyn Fox Keller (1936-) 

Evelyn Fox Keller received a Ph.D. in physics from Harvard University in 
1963. She developed a successful research and teaching career in theoretical 
physics and molecular biology. Then, as an associate professor of mathemat¬ 
ics at SUNY-Purchase, in 1977 she launched her career as a gender and sci¬ 
ence theorist with the publication of “The Anomaly of a Woman in Physics,” 
her autobiographical account of sexism in graduate school. The following 
year, she published the essay “Gender and Science,” in which she explored 
the psychosocial dynamics of objectivity in relation to behavioral norms for 
masculinity and femininity. From the foundation of these early works, she 



Biologist Evelyn Fox Keller. (Photograph 
by Marleen Wynants) 
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developed a series of essays and books that identified a new frontier of knowl¬ 
edge about the formative influence of beliefs about women and men in the 
history, philosophy, and contemporary practices of Western science. Keller 
has, perhaps more than any other, mapped the terrain by which the cultural 
authority, language, subjects, models, and methods of Western science have 
a reciprocal relationship with social constructions of gender. She has argued 
that the exclusion from science of qualities associated with women (emotion, 
empathy, subjectivity) has emerged in tandem with the construction of sci¬ 
entific reasoning as masculine (rational, detached, and objective). As a result, 
she says, science has not yet embraced the full range of human abilities to 
understand the natural world. She has not advocated a “feminist science” but 
rather a more fully human science. Keller was awarded a MacArthur Fellow¬ 
ship in 1992 for the originality of her work. 


Sue V. Rosser (1947-) 

Sue Rosser received a Ph.D. in zoology from the University of Wisconsin in 
1973. Rosser is recognized as the national leader in curriculum transformation 
efforts in the sciences to promote the participation of women. She was an 
early and energetic advocate for integrating women’s studies research and ped- 
agogy into the science curriculum, particularly into biology courses. Though 
she published widely in the 1980s, it was in her Female-Friendly Science 
(1990) that she presented a consolidated vision for innovation in the refor¬ 
mulation of science education and training. Rosser argues that conventional 
course contents (textbooks, activities, and illustrations) marginalize issues of 
interest to women and girls, underrepresent the accomplishments of women 
scientists, favor images of males over those of females, and tap skills and abil¬ 
ities to which women and girls are seldom socialized. After two decades of 
work developing curriculum initiatives in the sciences, in Re-Engineering 
Female-Friendly Science (1997) Rosser reexamined her strategies, their out¬ 
comes, and the feminist theories upon which she and others have relied. She 
found that curriculum projects are successful in motivating individual faculty 
members to improve their teaching, that inclusive teaching approaches in¬ 
crease the retention and performance of all students, but that institutional 
change to promote these outcomes remains a distant goal. In later work, she 
has elaborated these themes in several arenas, including health, medicine, and 
reproductive technologies, to emphasize the institutional forms and forces 
that systematically privilege a few men and exclude the talents and abilities 
of the majority. Rosser is a clear and consistent proponent of the theory that 
women will not be fully represented in the sciences until they are fully rep¬ 
resented in the content of science teaching and research. 
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Bonnie Spanier (1946-) 

Bonnie Spanier received a PhD. in microbiology and molecular genetics from 
Harvard University in 1975. Spanier was an early advocate for incorporating 
material about women into the curriculum and in 1980 was appointed direc¬ 
tor of an initiative at Wheaton College. Her examination of hidden biases 
about gender, sexuality, race, and class in molecular biology, Im/Partial 
Science: Gender Ideology in Molecular Biology (1995), is a classic application 
of feminist science theory to a specific field. In this book, Spanier details a 
host of organizing principles, theories, and representations of basic biological 
processes that deploy the ideological touchstones of a White, masculinist, elit¬ 
ist, heterosexist culture. She argues that the covert ideological content dis¬ 
courages the participation of underrepresented groups in molecular biology, 
and that alternative language, concepts, and paradigms would provide more 
accurate descriptions of the natural world. In her later work, Spanier has fo¬ 
cused on the science and politics of breast cancer as a founding member of 
the activist organization, Capital Region Action against Breast Cancer 
(CRAAB). 

These scientists have engaged feminist theory about women and gender in 
the context of biological theory and research. Their work has resonated with 
scholars in a variety of disciplines who proposed developing a successor sci¬ 
ence project that reimagines scientific research as a fully inclusive and fully 
human activity with liberatory goals. This idea emerged from and is grounded 
in debates about epistemology within feminist scholarship, reflecting the in¬ 
terdisciplinary reach of women’s and gender studies. For the earliest formu¬ 
lations, see Flax (1983), Hartsock (1983), and Rose (1983). For a review of 
successor science debates, see Harding (1986). 

A second generation now seeks to institutionalize research about women/ 
gender within the sciences. This new work falls into four categories: research 
into new topics, methods, and theories about women/gender in the sciences 
(Mayberry, Subramaniam, and Weasel 2001); faculty development initiatives 
to address scientists’ interests in scholarship on women/gender (Musil 2001); 
educational innovations to incorporate material about women/gender into 
courses and curriculum in the sciences (Rosser 1995); and educational re¬ 
search about the effects of the new material on students’ knowledge about 
women/gender in science and on their persistence in science majors and sci¬ 
entific careers (Damschen et al. 2005; Wyer et al. 2007). (See also Biology; Fem¬ 
inist Science Studies) 
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Historians of Science 
and Technology Who Focus 
on Feminism 

Erika Lorraine Milam 


Origins of the History of Science and Technology and the Feminist 
Critique of "Pure” Science 

During the 1950s and 1960s, most academics with an interest in the history 
and philosophy of science were trained first in the sciences and then gained 
an interest in the history of their field. As a discipline, the history and philos¬ 
ophy of science was designed to produce well-rounded citizens in two ways. 
First, historians and philosophers hoped to educate nonscientists about how 
science really worked and thus bridge the two cultures of science and hu¬ 
manities. Second, they sought to teach future scientists about the history and 
ethics of their field, thereby preventing them from repeating the mistakes of 
their predecessors. Both of these goals were predicated on the idea that good 
science was inherently free of ideologies that corrupt true knowledge of the 
world, like socialism or communism. Good science was democratic and a po¬ 
tential source of international cooperation and peace. By understanding the 
history of science and technology, educators could produce better future cit¬ 
izens. As U.S. politicians became increasingly concerned that Americans were 
falling behind the Soviets scientifically and technologically, federal funding of 
science and engineering increased exponentially, as did the opportunities to 
study the history and philosophy of science. 

By the late 1960s, the rise of the women’s health movement, sexual liber¬ 
ation, radical civil rights, anti-Vietnam war protests, and ecological concern 
over pesticides and the environment combined to provide a nexus of highly 
visible new perspectives within society. No longer could one claim to speak 
for the general “American public.” Social divisions based on ethnicity, class, 
and gender brought this fractionated American society into view for anyone 
with access to a radio, newspapers, or television. This view of American so¬ 
ciety as irretrievably divided contributed to scholarly and popular reactions to 
scientific, technological, and medical research, not only through “externalist” 
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critiques of the military-industrial complex but also from within the scientific 
community itself. 

As second-wave feminism continued to gather steam throughout the 1970s, 
feminist scholars challenged the prevailing stereotype that science and engi¬ 
neering were disciplines for intelligent young boys and erudite adult men. At 
the core of the feminist critique of science was the contention that scientists 
did not have the authority, foresight, or expertise to speak for all social con¬ 
stituencies affected by the conclusions of the scientific and technological elite. 
This push against the presumed authority of science as a universal way to 
true knowledge built on existing tensions at university campuses over the 
traditional canon of great white men assigned in philosophy, literature, and 
history classes. 

Feminist scholars turned their gaze to analyzing not only highly contentious 
issues within science (like Edward O. Wilson’s Sociobiology) but also the nor¬ 
mal processes of science and engineering. They asked how do we “know” 
things, and how do different cultures produce scientific or technological knowl¬ 
edge in different ways? Feminist historians of science and technology were 
further interested in how cultures of science had changed over time and when 
the study of the natural, physical world had become a predominantly male 
activity. For these scholars, biological definitions of gender, sex, race, and fem¬ 
ininity were constantly negotiated in society and had changed drastically in 
recent centuries. Gender identities were not fixed but malleable, and modem 
science provided only the most recent means of reifying cultural definitions 
of social identity by repositioning them in a biological, scientific framework. 

The debate over the relative importance of natural and cultural causes of 
status quo erupted on the pages of newspapers, magazines, and on television, 
with both scientists and nonscientists on either side. In the following decades, 
similar debates over the values and social agendas embedded in scientific 
research became polarized as cultures of scientists and humanists devel¬ 
oped specialized vocabularies and frameworks for discussing the similar is¬ 
sues. 


Feminism and the Science Culture Wars 

In the 1980s and 1990s, feminist historians of science and technology found 
academic homes within departments of history, history of science, philosophy, 
and women’s studies. The avenues by which feminist historians of science and 
technology enter the field have continued to vary serendipitously. While some 
scholars obtained graduate training in history, philosophy, sociology, anthro¬ 
pology, or other social science disciplines, others began their graduate train¬ 
ing in the sciences or engineering and subsequently became interested in the 
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history of their field. This diversity of training and perspective among feminist 
historians of science and technology has helped invigorate the field and has 
also contributed to the variety of strategies women have used to reform the 
practice and conclusions of the scientific community. 

In the 1970s and 1980s, feminist historians of science and technology 
approached their research with at least four goals in mind. The first was to 
demonstrate that cultural conceptions of gender were separate from scientific 
conceptions of sex and that women’s gender roles were not fixed but were 
constantly negotiated. Second, feminist historians sought to acknowledge and 
understand the ways in which women were framed as subjects of scientific 
research and consumers of technology and the inequality of access to the 
products of science, technology, and medicine. Third, they additionally strove 
to increase the visibility of women as producers of technological and scientific 
knowledge. Fourth, feminist historians of science and technology also 
worked to demonstrate how claims of scientific and technological expertise 
and definitions of knowledge were culturally situated. The feminist critique 
of scientific and technological enterprises thus extended beyond merely dif¬ 
ferentiating between “good science” and “bad science” to understanding the 
social forces constructing all scientific claims. 

Not all scientists took this in stride. To many scientists, science was about 
observations of the natural and physical world, and the questions raised by 
feminists were beyond the purview of science. Feminist approaches to sci¬ 
ence and technology were synonymous with the social construction of science 
and technology and missed what scientists felt was truly important about sci¬ 
ence and engineering as powerful ways of knowing and manipulating the 
natural world. Feminists questioned the processes by which the scientific 
community came to accept observations as facts or made decisions about 
scientific or technological policy, and they concerned themselves with envi¬ 
ronmental and social justice in regard to pesticides, pollutants, and radiation 
disproportionately affecting those people in the United States and around the 
world who lacked strong political voices; to some scientists these issues had 
no bearing on what scientists knew about the natural world. For many fem¬ 
inists, such criticisms missed the point; they argued that it was possible to be¬ 
lieve both that the natural world investigated by scientists was real and that 
scientific communities are social, political cultures. Yet many scientists re¬ 
mained convinced that feminist historians of science and technology sought 
to undermine the power and legitimacy of science and engineering as ways 
of knowing. This reaction from the scientific community was by no means 
universal, yet nonetheless it became extremely important within the politics 
of academia by creating a sense of antagonism between feminist studies of 
science and technology and the scientific community in the last decades of the 
20th century. 
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Effects of Feminism on the Practice of Science and Technology 

Today, feminist approaches to the history of science and technology sit at the 
intersection of several scholarly disciplines: history, certainly, but also sociol¬ 
ogy, anthropology, ethics, philosophy, and public policy. This interdisciplinary 
set of analytical tools has proved both analytically and politically powerful in 
reforming scientists’ ideas about the skills, rituals, and conventions inherent 
to scientific practice. 

Scientists have become increasingly interested in the methods of feminist 
analyses of scientific and technological systems as inherently social networks 
as mounting critiques of science from outside academic communities have 
taken the shape of popular disbelief in global climate change, carbon dating, 
and evolutionary biology (evolution is “just a theory” not a “fact”). As a result, 
scientists, especially biologists and climatologists, are looking to feminist 
analyses of how ideas are spread through a community of peers, what kinds 
of authority are more convincing than others, and how to demarcate science 
and pseudo-science in an attempt to make their conclusions more accessible 
to a popular audience. Part of learning to participate in the scientific com¬ 
munity, they argue, is learning about the culture and norms of communication 
within that community. Similarly, part of being a responsible scientist is to 
understand the social networks in which your research exists as a way of 
gauging the short- and long-term effects of science and technology in society. 
These trends have been especially pronounced in both science education and 
science policy. 

The scientific community has emphasized multi-inter-cross-disciplinary 
approaches to understanding the relationships among scientific, technologi¬ 
cal, and social endeavors, including feminism. Each discipline within science 
and technology studies (anthropology, sociology, history, philosophy, cultural 
studies, women’s studies, etc.) utilizes a different set of tools that provide com¬ 
plementary kinds of information about the nexus of the natural, physical, and 
social world in which we live. 


Influential Feminist Historians of Science and Technology 

Cynthia Cockburn entered the field of feminist studies of science and tech¬ 
nology through her job as a research assistant at University College, London’s 
Bartlet School of Architecture and later at the Center of Environmental Studies. 
Already in her thirties, she learned how to conduct research and analyze data 
about current social issues. Although her work has been more sociologically 
than historically oriented, her books have been very influential in helping his¬ 
torians frame the gendered modes of production and marketing of everyday 
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technologies (especially Cockburn and Ormrod 1993). More recently, Cock- 
burn has turned her attention to the conjunction of feminism and peace/ 
conflict studies. She is active in Women in Black, a worldwide network of 
women committed to peace with justice and actively opposed to injustice, 
war, militarism and other forms of violence, and seeks to highlight the effects 
of war on women’s lives and ultimately to promote peaceful resolutions in 
conflict-ridden areas of the world. She currently lives in London and works 
as a visiting professor of sociology at City University London. 

Ruth Schwartz Cowan earned her Ph.D. from Johns Hopkins University in 
1969, with a thesis on Francis Galton and the history of eugenics. However, 
her first faculty position at SUNY-Stony Brook fundamentally changed her 
research interests. After student riots on campus in 1968 and 1969, the ad¬ 
ministration asked professors to volunteer for an experimental teaching 
project. Faculty would teach classes on topics with which they had no prior 
experience—the professor and the students would then learn the material to¬ 
gether. Cowan volunteered to teach a course on “Technological Determin¬ 
ism,” which quickly led to a new research project on “labor-saving” devices 
in U.S. households. In 1973, she presented the results of her research at the 
annual meeting of the Society of the History of Technology (SHOT): new do¬ 
mestic technologies actually increased the amount of time the average woman 
spent on housework and were not, in fact, labor saving. This research became 
her first book, More Workfor Mother (Cowan 1983), which won the 1984 Dex¬ 
ter Prize awarded by SHOT. In later work, she elucidated the ways in which 
technological change occurs as a result of behavioral changes in many dif¬ 
ferent people, all of whom are joined together through a social network. Cowan 
has also published an incredibly successful textbook on the social history of 
American technology. In 2002, she moved to Philadelphia as the Janice and 
Julian Bers Professor of History and Sociology of Science at the University of 
Pennsylvania. 

After earning a dual bachelor’s degree in physics and electrical engineering 
and while working on a master’s degree in physics from the Massachusetts 
Institute of Technology, Evelynn Hammonds discovered her passion for the 
history of science and medicine. Staying in Cambridge, she completed her 
Ph.D. in the history of science at Harvard University in 1993- Hammonds’s 
research has centered on the devastating effects of race in the 19th and 20th 
centuries. She argues that because ideas of race are socially constructed, they 
have phenomenal power in American society and have been used to justify 
gross inequities in access to medical treatment, education, and environmen¬ 
tal quality (Hammonds 1999). Currently, Hammonds is a professor of the 
history of science and of African and African American affairs at Harvard; after 
serving as senior vice provost for faculty development and diversity, she was 
named dean of Harvard College in 2008. 
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Historian Donna Haraway. (Rusten 
Hogness) 



Donna Haraway is famous for her statement that she’d “rather be a cyborg 
than a goddess.” Born in Denver, Colorado, Haraway also began her aca¬ 
demic training in the sciences, earning a Ph.D. in cell biology from Yale in 
1972. After her first position at Johns Hopkins University in Baltimore, she 
moved to California where she is now professor of the Program in the History 
of Consciousness and Women’s Studies at the University of California-Santa 
Cruz. It is hard to underestimate Haraway’s importance to feminist theory’s 
engagement with science, gender, race, and technology. She argues that we 
are all cyborgs, products of and actors in a technological web. We no longer 
can separate our self-identity from the technologies of our lives, from the run¬ 
ning shoes in which we go jogging to our cell phones and the computers on 
which we check our e-mail. The coalitions we build through our technology 
give us the power to define our identity through kinship with communities 
of our choosing. Thus, Haraway’s vision of cyborg identity is at once liberat¬ 
ing and community oriented. Her most historical book, Primate Visions (Har¬ 
away 1989), created a huge ruckus when it was published because of her 
contention that primates have served as mirrors of humanity. She contended 
that throughout the 20th century, American popular culture projected current 
images of human society into the narratives they told about primates. She used 
images and stories about primates in museums, magazines, television, and sci¬ 
ence fiction to uncover American social narratives of gender and race. In 2000, 
Haraway was awarded the J. D. Bernal Prize by the Society for the Social 
Studies of Science for her distinguished contribution to science studies. 

Evelyn Fox Keller entered graduate school at Harvard in the 1950s intending 
to study theoretical physics. Despite the hostile climate of the department fac- 
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ulty and her fellow graduate students, she earned her Ph.D. in 1963 by writing 
a thesis in molecular biology, where the climate was a little friendlier. Her in¬ 
tellectual journey from physics to molecular biology to the history and epis¬ 
temology of the life sciences appears at first to have been quite long, but her 
curiosity about how we know what we know about the natural world has 
run through all of her research. This trajectory from science and/or engineering 
to the history of science and technology is shared by many feminists with 
technoscience interests, although Keller’s journey from one to the other was 
at least partly driven by the social attitudes of her peers in graduate school, 
who maintained that theoretical physics was hard, certainly too hard for any 
woman to understand, much less to provide insightful and novel research in. 
Keller has published several important books in the history of the life sci¬ 
ences, most notably A Feeling for the Organism, a biography of Barbara Mc- 
Clinock and her research on maize (Keller 1983). Her personal, 
psychoanalytic style interrogates the effects of social assumptions about mas¬ 
culinity, femininity, and science on the life of a scientist. Keller has held fac¬ 
ulty positions at Northeastern University, SUNY-Purchase, New York 
University, and the University of California-Berkeley. For the last 25 years 
she has been a professor in the Science, Technology, and Society Program at 
the Massachusetts Institute of Technology. 

Following a path that is more common now than it was in the 1960s, Sally 
Gregory Kohlstedt began her academic training in the history of science, earn¬ 
ing her Ph.D. in history from the University of Illinois-Urbana in 1972. Over 
the course of her career, both her research and her institutional service reflect 
her interests in feminism and the history of science. Her research has explored 
the institutional boundaries to professional science that women have faced 
in the United States as well as expanded our vision of how women partici¬ 
pated in the scientific enterprise, from laboratory technicians to nature study 
in the home (Kohlstedt et al. 1996). In Kohlstedt’s work, feminism became a 
useful tool for reevaluating what counts as “doing” science and in opening 
our vision as historians to the great many people who are required to make 
the scientific enterprise succeed. The history of science is not just about a 
few great White men who had brilliant ideas; it concerns the entire intellectual 
and practical effort required to conduct scientific research and to convince 
the scientific community of its validity and importance. 

In her philosophical analyses of evolutionary explanations of female or¬ 
gasm, Elisabeth Lloyd made visible a persistent male bias in the approach of 
biologists to women’s sexuality. Lloyd earned her Ph.D. in philosophy at 
Princeton University in 1984, spending a year of her graduate training work¬ 
ing with Stephen Jay Gould at Harvard. Using philosophical and statistical 
evidence to substantiate her claims, Lloyd argues that sufficient evidence does 
not yet exist to demonstrate that female orgasm is adaptive. Although her work 
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has been criticized by feminists, who suggest Lloyd must be antifeminist be¬ 
cause her claim that female orgasm is not an adaptation implies it is devoid 
of worth, Lloyd sees her work as liberating for women. Lloyd argues that be¬ 
cause female orgasm is an unexpected bonus and completely unconnected 
to fertility or reproductive success in women, then women should be free to 
explore as many avenues to achieving orgasm as they desire. 

Judith McGaw became interested in the history of American technology as 
a graduate student working with Brooke Hindle at New York University. After 
earning her Ph.D., she accepted a position at the University of Virginia but 
quickly moved to join the Department of History and Sociology of Science at 
the University of Pennsylvania. McGaw’s research sat at the intersection of 
American history, the history of technology, and gender studies, and her first 
book, Most Wonderful Machine, won the 1989 Edelstein Prize from SHOT 
(McGaw 1987). In subsequent publications she has argued that everyday, mun¬ 
dane technologies were critically important in defining nationhood in the early 
American republic and in demarcating gender roles within society. McGaw 
has now retired to Portland, Oregon, where she teaches meditation. 

Carolyn Merchant’s vision of the earth in peril has served as a clarion call 
to a burgeoning community of ecofeminists interested in environmental jus¬ 
tice. Merchant earned her Ph.D. in the history of science at the University of 
Wisconsin-Madison and subsequently moved west to join the department of 
history at the University of California-Berkeley, where she has been a faculty 
member for over 20 years. Merchant became interested in environmental 
studies after reading Rachel Carson’s indictment of pesticides in Silent Spring 
(1962) and in feminism because of Betty Friedan’s Feminine Mystique (1963). 
Merging these environmentalist and feminist perspectives, Merchant wrote The 
Death of Nature as an indictment of the modern mechanical vision of inert 
nature arising during the scientific revolution of the 16th and 17th centuries 
(Merchant 1980). This vision, she argued, replaced an older conception of 
nature as an active, organic, feminine entity. As natural philosophers viewed 
matter as passive, they naturalized dominion over the mechanized nature 
through objective technological and scientific research. Merchant’s more re¬ 
cent work has continued to interrogate both the metaphorical relationships 
of women to the environments in which they live and the practical effects of 
gender, race, and class on women’s access to and relationship with nature. 

As Margaret W. Rossiter earned her Ph.D. in history from Yale in 1971, she 
began to wonder why there were so few women in the standard history of sci¬ 
ence. Did this lack of female role models illustrate how impossible it was for 
women to get a foot in the door of professional science or reflect historians’ 
lack of interest in the contributions of the female scientists who did exist? 
Rossiter’s two-volume answer implicated both the systematic institutional bar¬ 
riers to women in science and the lack of historical attention to women in 
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science (Rossiter 1982). The books are not entirely bleak, however, as Rossiter 
also explored the ways in which women succeeded in overcoming the barriers 
they faced, whether by confronting discriminatory policies directly, establishing 
prizes and fellowships for fellow women scientists, or by accepting low status 
and/or low-paying jobs simply to continue the work they loved. Rossiter cur¬ 
rently holds the Marie Underhill Professorship of the History of Science in the 
Department of Science and Technology Studies at Cornell University. 

Earning her Ph.D. in history from Harvard in 1984, Londa Schiebinger has 
quickly become one of the most visible feminist historians of science in the 
United States. Her first book, The Mind Has No Sex? investigated Enlighten¬ 
ment conceptions of femininity and masculinity in nature (Schiebinger 1989). 
She suggested that during the 18th century, with the development of public 
and private spheres of social influence, men and women were constructed 
as biologically suited to different kinds of labor. The pursuit of “science” be¬ 
came a public, democratic enterprise based on the presumed intellectual 
equality of peers; women were thereby restricted from participating in the 
scientific enterprise except where cultures of science intersected with the do¬ 
mestic sphere (parlor science and children’s education). Schiebinger’s his¬ 
torical work analyzes the metaphorical underpinnings of scientific analysis 
of sexed and gendered public identities and the effects of assumptions about 
sex and gender on the current inequality of women’s access to professional 
careers in science and engineering. Schiebinger now works at Stanford Uni¬ 
versity as a professor in the history of science and as director of the Institute 
for Gender Research. 


Effects of Feminism on the History of Science and Technology 

The conceptual tools and analytical questions of feminism have effected pro¬ 
found change in academic conceptions of the history of science and technol¬ 
ogy. Feminists have sought ways to change what they identified as a 
male-biased social structure by pointing out the systemic ways in which it 
was difficult for women to forge successful careers in science and to remedy 
the effects of science on socially disadvantaged populations. Feminist ap¬ 
proaches to science and technology have also helped to rediscover and re¬ 
vive traditional technologies of domestic life that were previously invisible to 
the scholarly community. In doing so, they have enriched our understanding 
of science and technology as cultures and processes, expanded our defini¬ 
tions of what kinds of activities are central to the scientific-technological en¬ 
terprise, and enlarged our roster of who counts as performing scientific and 
technological research. (See also Critiques of Science; Feminist Philosophy of 
Science; Feminist Science Studies; Technology) 
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Primatologists Who Focus on 
Females/Gender 

Linda Marie Fedigan 


Primatology is today, for several reasons, arguably a gender-inclusive science. 
First, the discipline includes a large and growing proportion of women prac¬ 
titioners. Second, leading figures of the discipline consider themselves femi¬ 
nists (e.g., Jeanne Altmann, Sarah Hrdy, Jane Lancaster). Third, primatology 
is widely recognized by science studies scholars as a feminist science (e.g., 
Schiebinger 2003). And finally, this science has shown itself to be responsive 
to prior criticism of gender bias and highly inclusive of issues relevant to 
women, females, and feminists. 

Following earlier considerations of why ibis might be the case (e.g., Fedi¬ 
gan 2001), the present essay describes bow this came to be the case only over 
time as the discipline of primatology amended early biases. Two heuristic de¬ 
vices are used to focus this essay: historical stages and transformation phases. 

1. Primatologists at different stages of the discipline’s history have ad¬ 
dressed the enduring issue: “what is the social role of female primates?” 

In the 1990s, Shirley Strum and Linda Fedigan constructed a history 
of North American field primatology (e.g., Fedigan and Strum 1999) 
that characterized the science as having occurred in four distinctive 
stages, to which this essay now adds a fifth, more recent one: 

Stage 1 1950-1965. The Natural History Phase 

Stage 2 1965-1975. The Discovery and Enigma of Variability 

Stage 3 1975-1985. The Sociobiological Era 

Stage 4 1985-1995. Behavioral Ecology 

Stage 5 1995-2005. Comparative Socioecology 

2. A transformation model originally developed to characterize phases 
in the growing incorporation of women into the curriculum is also 
applied. Several scholars have proposed models to categorize steps 
in the transformation of curriculum. Rosser (1990) has expanded upon 
these models and shown how a recognizable set of phases can be 
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applied to the transformation of research and teaching about gender in 
the sciences. 

Phase 1 The Womanless Curriculum 

Phase 2 Women as an Addition to the Curriculum 

Phase 3 Women as a Problem, Anomaly 

Phase 4 Women as the Focus of Study 

Phase 5 A Gender-balanced Curriculum 

This essay explores how a curriculum transformation model can be applied 
to the scheme of historical stages in primatology, with the goal of better un¬ 
derstanding the steps in scientific transformation and the effects of changing 
gender beliefs on the discipline of primatology, a science that is widely rec¬ 
ognized as gender inclusive. In the following adaptation of the transformation 
model, the word “females” is substituted for “women” and “science of prima¬ 
tology” for “curriculum.” 


1950-1965: Stage/Phase 1. Natural History/The Female-less Science 

According to Rosser’s adaptation of transformation models, the absence of 
women (“females”) is simply not noted during the first phase of a science. 
This was arguably the case during Stage 1 of primatology from 1950 to 1965. 
Although a few attempts at scientific observation of nonhuman primates in 
the wild were made in the early part of the 20th century, primate field studies 
only flowered in the 1950s, after World War II. In this decade, the influential 
American anthropologist, Sherwood Washburn, promulgated the view that 
insight into human social evolution would be achieved through delineation 
of a universal “primate pattern” and sent his graduate students to Africa and 
Asia to observe the social lives of monkeys. Simultaneously in Japan, Kenji 
Imanishi established a collaborative, descriptive method of studying sociality 
in primates and sent his students out to observe chimpanzees and macaques. 
In Britain, Robert Hinde recognized that studies of primates would shed light 
on the psychology of human behavior, particularly infant development and 
mother-infant relations. In Kenya, Louis Leakey pursued his hunch that clues 
to early hominid behavior would be revealed through the study of great ape 
behavior in nature and proposed that women would make better, more pa¬ 
tient observers of animals. He recruited women, such as Jane Goodall and Dian 
Fossey, to go to Africa (and later Birute Galdikas to go to Borneo) to establish 
long-term field sites for the study of chimpanzees, gorillas, and orangutans. 

Washburn, Imanishi, Hinde, and Leakey mentored most of the early field 
primatologists, all of them dedicated to better understanding human behavior. 
Many of these scientists, at least in the West, were women who became the 
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Scientist and conservationist Jane 
Goodall with a stuffed chimpanzee in 
1962. Famous for her groundbreaking 
work with chimpanzees in East Africa, 
Goodall became a passionate advocate 
for the humane treatment of animals 
used in biomedical studies. (Library of 
Congress) 


founding mothers of the discipline, such as Phyllis Dolhinow, Jane Lancaster, 
Thelma Rowell, and Jane Goodall. Another group of early primatologists (e.g., 
Stuart and Jeanne Altmann, Alison Jolly, and Alison Richard) were trained as 
field biologists. Whatever their disciplinary backgrounds and countries of ori¬ 
gin, one theme common to field workers during this first period was the col¬ 
lection of as much natural history data as possible on the social lives of the 
primates they studied. 

During the first and all subsequent stages of primatology, there was no 
debate about whether women were capable of arduous field research in the 
physically demanding, politically difficult conditions of Third World, tropical 
countries and remote habitats, far from the conveniences of modern life. It 
has always been assumed among primatologists that women are as capable 
of fieldwork as men, and sometimes that women are more so. This is not true 
in other disciplines with a large fieldwork component, such as geology, ar¬ 
chaeology, and botany, where women have often been excluded from field 
projects, tacitly or otherwise. Perhaps because primatology is a disciplinary 
offshoot of anthropology, psychology, and ethology and because there was 
an established tradition of women field anthropologists (e.g., Margaret Mead), 
the problem of “women in the field” simply did not arise in the minds of even 
this first generation of primatologists. 

A great irony of this stage is that the female primates being studied were 
almost exclusively portrayed in their roles as mothers who did not participate 
in group leadership, predator and resource defense, dominance hierarchies, or 
intergroup encounters. It was generally assumed that the role of females was 
to gestate, lactate, and rear the young and do little else of social significance. 
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Females were viewed as resources over which males would compete and that 
males would defend. There seems to have been a “disconnect” between the 
actual gender roles of scientists studying these animals and portrayal of their 
subjects. This was a postwar era that idealized mothers who stayed home to 
raise children while their husbands were out earning an income. The pre¬ 
vailing gender myth of the time had a greater influence on how primate sex 
roles were perceived than did the reality of what women and men were 
doing in this era. Alison Jolly (2000) has argued that this stage’s emphasis on 
males as the primary social actors and females as behind-the-scenes players 
was a case of “gender unconsciousness,” which certainly fits the theme of the 
first phase of transformation: absence of females not noted. 


1965-1975: Stage/Phase 2. The Enigma of Variability/Finding the 
Missing Females 

In Rosser’s transformation model, it is during the second phase that researchers 
start to notice the absent females and to add females to the mix but without 
any serious change to the traditional framework. During this stage of prima- 
tology, a second wave of field studies occurred such that the same species 
(e.g., baboons, langurs, chimpanzees) were studied at different field sites. This 
research brought back unexpected news that the same species often behaved 
distinctively in different places and that newly studied species behaved much 
differently than expected on the basis of previously studied species. Thus 
Washburn’s idea of a universal primate pattern collapsed and scientists be¬ 
gan to search for sources of variability in social behavior. One source was 
recognized as the environment (e.g., langurs behave differently in crowded 
urban habitats versus rural, forest parks); another newly recognized source 
of variation was how the data were collected for each study (e.g., observer 
bias). In 1974, Jeanne Altmann published her classic paper codifying the sam¬ 
pling methods used in observational studies, which continues to be the most 
cited paper in animal behavior research. She demonstrated that all individuals 
(males, females, juveniles) must be observed for equal periods of time for 
any valid comparisons of behavioral patterns. 

A further source of variation was change over time. During the prior stage, 
all field studies lasted less than a year. During the second stage, we began to 
reap the benefits of longer term studies. Japanese primatologists, following in 
Imanishi’s collaborative tradition, were particularly tenacious and cooperative 
in their research, handing down their data and knowledge of the animals to 
the next researcher. From their studies, scientists realized that in many African 
and Asian monkey species, the adult males come and go, but the females 
remain in their social groups for life, forming matrilines and stable dominance 
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hierarchies and maintaining years of knowledge about resources in their home 
ranges. 

Even in species where females disperse and males stay in the natal area 
(e.g., chimpanzees), the vital social role of females beyond that of motherhood 
began to be recognized. In 1973, Jane Lancaster wrote a prescient article, en¬ 
titled “In Praise of the Achieving Female Monkey,” in which she articulated 
the many important social and ecological functions performed by female pri¬ 
mates beyond that of mother. By the end of this stage, female primates were 
emerging from the wings of the social theater and moving onto central stage. 


1975-1985: Stage/Phase 3. Sociobiology/Females as Anomalies 

During the third phase of curriculum transformation, people begin to ask why 
there are not more females represented and why female experiences do not 
fit the prevailing models. 

In primatology, by the end of Stage 2, many observations of behaviors had 
accumulated that resisted understanding through the currently available ex¬ 
planatory models of group selection; these included behaviors such as occa¬ 
sional killing of infants by adult males, conflict between mothers and infants 
during weaning, and infidelity by both male and female partners. Sociobio- 
logical theory did a remarkable job of formulating scientifically satisfying an¬ 
swers to these behavioral riddles. Sociobiology, which is actually a body of 
theories (e.g., kin selection, parental investment, and reciprocal altruism) 
shifted the unit of selection in evolutionary models from the group to the 
individual and ultimately to the gene. Behaviors that had previously been in¬ 
terpreted as altruistic were now interpreted as fundamentally competitive. 
The sociobiological approach to understanding behavior had such a revolu¬ 
tionary impact on animal behavior research during this era that it qualifies as 
a “scientific revolution” in the Kuhnian sense. 

Although some social scientists and feminist critics of science were appalled 
at the implication of sociobiological theory that all behavior is ultimately, self¬ 
ishly, directed toward improving the reproductive success of the individual/ 
gene, the irony is that sociobiological thinking played a large role in the grow¬ 
ing conceptualization of female primates as social strategists rather than pawns 
in male games. Initially in good part through the work of Sarah Hrdy (e.g., 
1981), primatologists came to recognize that female animals are proactive, re¬ 
productive strategists rather than passive recipients of male initiatives. As noted 
by Rosser, Hrdy’s early work certainly fits the “female as anomaly” theme for 
this phase of the transformation model. It was during this stage that Hrdy be¬ 
gan to ask why the theories she had learned in graduate school did not fit her 
observations of female monkeys. 
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Indeed, during the latter part of this stage, many women primatologists be¬ 
came “gender conscious” and several influential works appeared that fleshed 
out the picture of how important female primates are in their societies. Jeanne 
Altmann wrote of baboon females as “dual career mothers”; Meredith Small 
edited a volume of studies on female primates by women primatologists. 
Thelma Rowell led a critique of the “male dominance model,” and Adrienne 
Zihlman produced the “Woman, the Gatherer” model of human evolution 
based in part on primate data. Linda Fedigan wrote the first edition of Primate 
Paradigms, which pulled together data to show that the roles of female pri¬ 
mates are far more powerful and wide-ranging than previously assumed. It 
is not a coincidence that growing focus on female primates between 1975 
and 1985 occurred simultaneously with the second wave of Western feminism, 
which urged women scientists to take account of the female point of view. 


1985-1995: Stage/Phase 4. Behavioral Ecology/Females as a Focus 
of Study 

As formulated by Rosser, it is in the fourth phase of transformation that fe¬ 
males become the focus of study. In primatology, this had already begun dur¬ 
ing the third stage, in part through the advent of sociobiology. One of the 
criticisms of sociobiological theory as initially applied in the previous stage 
is that it was deterministic and gave too much weight to the power of genes 
to directly control behavior. It is true that in the first rush of enthusiasm and 
defense against critics, sociobiological models of behavior were too simplis¬ 
tic, reductionist, and all-encompassing. Although sociobiological explanations 
are here to stay in the field of animal behavior, during Stage 4, primatologists 
moderated the deterministic explanations of the prior era and began to ex¬ 
plore multicausal analyses. In particular, they worked on a more holistic ap¬ 
proach that integrates environmental, social, and genetic processes. 

It was also during this stage of primatology that many scientists produced 
theoretical insights that remade the understanding of female behavior. For ex¬ 
ample, during this era the reasons why many lemurs live in female-dominated 
societies, why adult males in monogamous societies show extensive parental 
care, why female baboons develop friendships with particular males, and why 
female monkeys are as competitive as males were explained. 

During this stage, it was no longer necessary to keep pointing out that fe¬ 
male primates are significant players in social life—that becomes one of the 
assumptions. Female behavior and relations with their kin, their young, and 
their mates were increasingly seen as highly variable combinations of coop¬ 
eration and competition. 
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1995-2005: Stage/Phase 5. Socioecology/A Gender-Inclusive Science 

In Rosser’s transformation model, Phase 5 is the era when a science has been 
wholly redesigned and reconstructed to include everyone. It is a fully trans¬ 
formed, “balanced” science, an ideal phase that is almost impossible to achieve. 
Is this description typical of Stage 5 in primatology? 

It is doubtful that a completely successful docking on this phase in the 
transformation of any discipline could be reached. The current stage of pri¬ 
matology, being closest in time, is the most difficult to characterize and to 
distinguish from the prior one. Nonetheless, primatology appears now as a 
“gender-balanced” science. Overtly female-focused studies and volumes are 
not so common in this stage as in the previous one. This could either be a 
sign that females are fully integrated and recognized in our science or an 
indicator that the interest in female perspectives was short-lived and faddish. 
One hopes for the former. 

During the current stage of primatology, there has been much emphasis 
on testing socioecological models, in particular a model of the evolution of 
female social relationships and primate social systems proposed by Elisabeth 
Sterck. Accumulation of a sufficient amount of data on a variety of primates 
makes it possible to conduct informed, comparative analyses of the factors that 
affect female relations and how these relations among females in turn affect 
the overall social system of different primates. The assumption that female 
relations (with each other, with males, and with their environment) have a 
determining effect on male behavior has become so commonplace that it is 
no longer debated or remarked on. Female counterstrategies to male attempts 
at dominance are now so widely studied that “intersexual conflict” is a thriv¬ 
ing area of research. Feminist theorists might prefer that cooperation between 
the sexes be an equally thriving area of research, but nonetheless, “sexual 
conflict” is a model of social behavior in which females play a role equal to 
that of males. 


Conclusion 

Rosser’s adaptation of curriculum transformation models to an understanding 
of how a science can change over time toward a more gender-balanced per¬ 
spective proves to be a useful way to think about the history of field prima¬ 
tology in North America. It would be too much to expect that every phase in 
the transformation model would correspond entirely to each of the stages in 
our previously reported history of primatology. Nonetheless, the progressive 
steps in the transformation model (e.g., from “gender unconsciousness” to 
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“search for the missing females,” to “focus on females,” to a more “balanced 
approach”) can all be easily detected in the historical scheme of our disci¬ 
pline. This brief history of the progression through which primatology 
achieved its current gender-balanced status can be instructive as a model for 
the viability of transformation in other scientific disciplines. (See also Conclu¬ 
sion; Feminist Science Studies) 
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Chris Cuomo 


Feminist critiques of science evaluate sexist and male-centered biases in sci¬ 
entific methods, practices, and institutions; trace the deep roots of those biases 
in misguided beliefs about the nature of knowledge and knowers; and develop 
alternative models for improved science that would better serve the interests 
of diverse human societies and ecological communities. In opposition to the 
image of science as a value-neutral zone, feminists show that masculinist values 
deeply inform scientific disciplines that systematically exclude or discriminate 
against female practitioners and that far too regularly produce research that 
is ignorant of or harmful to the interests of women and other marginalized 
groups. Such exclusions and harms are not merely the result of direct dis¬ 
crimination—they are also consequences of conceptual assumptions that char¬ 
acterize science as a purely rational, emotionless, masculine, elite domain and 
knowledge as the result of a universal “view from nowhere” that needs not 
take the particulars of its own social and historical contexts into account. 

Work in feminist science criticism includes historical and sociological in¬ 
terrogations of scientific cultures and practices as well as philosophical inves¬ 
tigations of underlying epistemologies and ethics. Primary concerns include 
the roots of detrimental biases in conceptions of knowledge, the damaging 
persistence of masculinist and positivist values, the meanings of and myths 
surrounding the ideal of objectivity, and the problem of false universalisms. 
Overall, feminist criticism highlights the tendency of Western science to serve 
domination rather than liberation and to reduce its objects of inquiry to their 
use value. Yet feminists also remain hopeful that scientific tools and methods 
can be revised and redeployed for more life-affirming ends. 


Epistemology 

Epistemology refers to theories of knowledge, which include theories about 
the nature, scope, and sources of human knowledge and what it means to 
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say that we actually know anything. Western philosophy has been particularly 
fixated on epistemological topics, and theorists in that tradition have focused 
on questions about truth and belief, the nature of minds, the role reason plays 
in knowing, and the structures and limits of human knowledge. Such in¬ 
quiries typically begin with several assumptions: that the “perfect knower” 
is a universal ideal (rather than a culturally specific ideal), that all knowing 
is cognitive (rather than also embodied), that knowers are independent in¬ 
dividuals (rather than social beings or communities), and that the production 
of knowledge is politically neutral (rather than inevitably biased). Those as¬ 
sumptions are deeply questioned by feminist theorists, who argue that an- 
drocentrism and cultural imperialism are often at the root of supposedly 
universal ideals and paradigms of knowledge. Feminists broaden the field of 
inquiry in epistemology because they acknowledge and explore the extent 
to which knowledge is embodied, emotional, socially situated, and informed 
by specific experiences and interests. They therefore shift the philosophical 
framework and raise new questions about epistemic agency, cognitive author¬ 
ity, and ideals such as objectivity and rationality. 

While the principal task of most Anglo-American epistemology has been 
to refute skepticism and determine the conditions for objective knowledge, 
feminist epistemologies focus on the social and historical circumstances that 
determine knowledge in particular contexts, on assumptions about ideal 
knowers, and on the relationships between knowledge production and other 
forms of power. Perhaps most important, feminists have emphasized that all 
knowledge is social and that knowers are deeply social and ecological beings 
rather than starkly independent individuals. Feminist epistemology has there¬ 
fore been described as a branch of social epistemology, which describes sci¬ 
entific knowledge as possessed and enacted by communities. Knowledge, 
including scientific knowledge, is not discovered by exceptional individuals 
but produced by complex social systems, and so all knowledge is situated 
and incomplete, or partial. Furthermore, that situatedness is political and 
closely linked to existing systems of power, including gender, race, nation, 
and capital. 

Feminist critics also emphasize that modern and postmodern science and 
epistemology are social practices engaged in primarily by elite professionals 
in academic settings where authority is almost always aligned with race, 
gender, and class privilege. In contexts of dominance and subordination, op¬ 
pressive power relations may be reinforced by epistemological theories and 
methods. It is therefore crucial to identify the relationships between particular 
theories and the forms of social power they propagate. Feminists argue that 
attention to those dimensions will inevitably strengthen epistemology as a 
practice that aims to better understand and enable human knowledge. 
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Objectivity 

Feminists expose the image of science as value free as a smokescreen hiding 
its own deep and pervasive hierarchical, power-laden values. Because all per¬ 
spectives are socially and historically situated, all knowledge is partial and 
biased in ways that are often not readily apparent to knowers themselves. 
The inevitability of bias therefore should be acknowledged and negotiated 
rather than denied. “Value-neutral” accounts of objectivity ignore the power¬ 
ful cultural background beliefs that shape any inquiry. In response, feminist 
philosophers of science acknowledge the importance of the scientific ideals 
captured by the concept of objectivity (integrity, reproducibility, avoidance 
of confirmation bias) but argue that those ideals are best served by including 
multiple relevant perspectives, making the politics behind epistemic and sci¬ 
entific projects more visible, and using methodologies that are rationalized, 
transparent, and self-reflexive (Nelson 1990; Flarding 1991; Haraway 1991). 
Sandra Harding has argued that “strong objectivity,” which includes multiple 
standpoints, actually fosters a better empiricism, generates a more rigorous 
objectivity, and produces more accurate results. 

Feminist critical examinations of traditional theories of science and ration¬ 
ality and their relationships to canonical views on sex and gender have drawn 
clear connections between Enlightenment ideals of rationality, objectivity, and 
intellectual detachment, and the masculinist ideals that organize most scien¬ 
tific and epistemological inquiries (Lloyd 1984; Bordo 1987). In one influential 
account, Susan Bordo offered a psychosocial analysis of Rene Descartes’ well- 
known Meditations on First Philosophy, diagnosing the masculine anxieties 
beneath Descartes’ strategy for achieving objective certainty. She argues that 
the Cartesian epistemic position, which conceives of the ideal “thinker” of “I 
think therefore I am” as detached from the natural world, is an expression of 
male anxiety that results from separation from mothers and from their own 
femininity, a rift that is necessary for the reproduction of male dominance. 
The Cartesian promise of absolute epistemic objectivity is therefore a flight 
from the material feminine toward a masculine epistemic stance that pursues 
knowledge as pure thought and perception and that takes knowers to be 
transcendent and disembodied subjects. 

The common ideal of a disembodied subject engaging in “pure thought” 
shows how thoroughly emotions and feelings have been ignored or dismissed 
in influential theories of knowledge. This is because science often takes rea¬ 
son and emotion to be opposites, with reason, the faculty that supposedly 
generates knowledge, associated with male competence, and emotion, which 
allegedly distracts from knowledge, linked to the uncontrollable feminine. 
Along with its misogynist underpinnings, that dichotomy relies on a rather 
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naive view of what emotions even are. In response, feminists have developed 
alternative accounts of emotion and have argued that appropriate integration 
of emotional responses is vital for reason, perception, and systematic knowl¬ 
edge (Jaggar 1989). Eschewing an emphasis on the need for detached objec¬ 
tivity, feminist theorists instead focus on the diverse and complex qualities of 
subjectivities and intersubjectivities. Knowledge is quite embedded in the 
material world, not detached from it. 


Masculinity 

The fact that science, the ultimate site of knowledge production, has been 
characterized as an elite masculine domain feeds other assumptions that put 
scientific inquiry at odds with the interests and well-being of women and 
other disenfranchised groups and that compromise scientific integrity. Andro¬ 
centric perspectives create scientific models and symbolic systems that con¬ 
form to privileged masculine experience but alienate or exclude others. If 
scientific communities are far more welcoming to and concerned about priv¬ 
ileged men, their perspectives and prejudices will shape research projects, 
methods of inquiry, and institutional cultures. When upper-class male bodies 
and experiences are taken as paradigmatic of human reality, research gen¬ 
erates results that are most useful to them and characterizes others as intel¬ 
lectually capable, or as suitable only as objects of study. 

The masculinist qualities of Western science emerge from a worldview that 
characterizes reality according to dualistic patterns and hierarchies, draws sharp 
distinctions between elements characterized as either masculine or feminine, 
and bestows masculinity with the power to conquer and control. To be asso¬ 
ciated with femininity (or deficient masculinity) is to be subject to that control, 
and so women, men of color, sexual minorities, the disabled, children, and 
nonhuman animals have often been the unwitting victims of science’s drive 
toward knowledge-as-mastery. Women scientists have documented the deep 
and long-standing influence of sexism in biological, psychological, sociolog¬ 
ical, and evolutionary accounts of female bodies and experiences. Others have 
chronicled the chilling history and present realities of racist science, including 
gross patterns of dangerous and nontherapeutic medical experimentation 
without consent on women and people of color (Washington 2006). 


Positivism 

Positivist traditions take scientific knowledge to be simple descriptions of 
sensory phenomena and articulation of laws and theories verifiable through 
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observation. Positivism also asserts a stark fact/value dichotomy and excludes 
from the scientific domain all reference to values, contexts, and anything else 
not directly related to sensory evidence. But as many critics of positivism have 
pointed out, our observations are themselves theory laden, for the world does 
not dictate the concepts and categories we use to describe it. Rather, scientific 
descriptions of the world—and questions about it—are shaped by underlying 
conceptual frameworks and background fields of knowledge that are specific 
to particular contexts and cultures. Theories that focus only on the logic and 
justifiability of scientific laws ignore the wider contexts that determine what 
sorts of processes are considered, which topics and questions are legitimate, 
and whose interests and concerns are at the heart of inquiry. History, identity, 
culture, and context can determine legitimate methods of hypothesis forma¬ 
tion, ideas about what counts as evidence, and beliefs about what is rea¬ 
sonable or justified. 

In contrast with positivist traditions, a major contribution of feminism has 
been the development of “feminist standpoint theory,” which is rooted in the 
Marxist observation that the epistemic locations of marginalized groups who 
are intimately involved in material production and reproduction can often 
yield more comprehensive and accurate questions, observations, and analy¬ 
ses of the world than those of dominant groups who are distanced from ma¬ 
terial relations. Science that begins from feminist standpoints raises questions 
and includes data that are relevant to real lives and needs. However, it is im¬ 
portant to note that standpoint is a form of understanding that results from 
collective political struggle and analysis, not knowledge that one has simply 
by virtue of having a particular identity or type of body. Certainly, women 
everywhere do not share the same concerns or priorities, and so there is not 
one feminist perspective or standpoint. Different cultural priorities shape 
different versions of feminism and therefore different conceptions of what 
feminist knowledge and politics entail. Integrating different perspectives into 
research programs is thus a primary challenge for feminist researchers. For 
example, it is important that feminists not romanticize the perspectives of 
marginalized groups but instead recognize the high price women, people of 
color, and the poor often must pay for living the complex realities that give rise 
to their unique ways of perceiving and knowing (Narayan 1989). 


Universalism 

Although there are clear patterns of exclusion and discrimination in science, 
transparency, peer review, and reproducibility are considered scientific virtues, 
and so some would say that in theory science is “open” to all. Western sci¬ 
ence tends to cast its claims in universally applicable terms and to believe 
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itself to be universally relevant. But as feminist and multicultural critics have 
shown, the openness and universal aspirations of Western science are pred¬ 
icated on a refusal to ask difficult questions about the actual practice of sci¬ 
ence in elitist and male-dominated contexts and about the specific but very 
powerful cultural assumptions behind its supposedly “universal” claims and 
methods. Furthermore, because science often wields significant power to de¬ 
fine, diagnose, and distribute, categorical or universal claims about its objects 
of inquiry can be catastrophic when they are not really universally true. For 
example, coercive importation of First World agricultural models to rural com¬ 
munities in India had devastating effects when diverse ecosystems were trans¬ 
formed into monocultural plantations that were profitable for some but that 
turned subsistence conditions into conditions of extreme poverty for many 
more (Shiva 1988). 

Along with the appropriate humility that comes with recognizing the limits 
of one’s own epistemic position and understanding the importance of multi¬ 
ple standpoints, the cultural and historical specificity of scientific values and 
the inevitability of bias in the construction of knowledge lead feminists to re¬ 
linquish the modern Western dream of a universal unified science. Because 
of severe differences of social and economic power, any movement to trans¬ 
fer knowledge should be approached with caution and care. For feminists, 
questions about whose interests are served or harmed by any form of science 
or knowledge are absolutely fundamental. Furthermore, because any knowl¬ 
edge is partial, there can be no complete and unified theory that captures all 
relevant truths. Instead, there is a permanent plurality of perspectives that 
might communicate and collaborate in relation to common interests and con¬ 
cerns but whose integrity may also depend on maintaining their unique and 
irreducible differences. (See also Biologists Who Study Gender/Feminism; Fem¬ 
inist Philosophy of Science) 
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Marxism/Socialism and 
Feminism/Gender 

Sue V. Rosser 


Marxist theory and its successor and practical implementation as socialism 
emphasized economics, placing the class struggle as the central focus deter¬ 
mining human oppression, behaviors, and power struggles. Marxists/socialists 
viewed the dominance of men over women and gender oppression as results 
of class inequality. They believed that equality of income distribution and ab¬ 
sence of class differentials would also result in the disappearance of gender 
inequity. 

Because of its emphasis upon collectivism, Marxism rejects individualism 
and positivism as approaches to knowledge. Since positivism and individu¬ 
alism form cornerstones of the scientific method, Marxists believe that knowl¬ 
edge, including scientific knowledge, cannot be solely individualistic. Instead, 
as a productive activity of human beings, whose basic categories are shaped 
by human purposes and values, knowledge cannot be objective and value 
free. Marxists purport that the prevailing mode of production determines the 
problems studied, approaches, and funding for scientific research. In the 21st 
century, United States capitalism determines scientific knowledge and science 
reflects the interests of the dominant class who hold power under capitalism. 


Marxist/Socialist Feminist Critiques of Science 

Although feminists have criticized Marxism for decades (Goldman 1931) about 
its shortcomings on the woman question, the Marxist critique of science opened 
the door to three insights shared by feminist theories and methodologies: 

1. It proposed that scientific knowledge was socially constructed and 
could not be dichotomized from other human values a scientist holds. 
Beginning with the work of Thomas Kuhn (1970) and his followers, 
historians and philosophers of science have pointed out that the sci¬ 
entific paradigms acceptable to the mainstream of practicing scientists 
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are convincing precisely because they reinforce or support the historical, 
economic, social, racial, political, and gender policies of the majority of 
scientists at that particular time. 

Socialist feminists (Rose and Rose 1980, 28) underscore the reason 
that Darwin’s theory of natural selection was acceptable to 19th- 
century England: it was laden with the values of the upper classes of 
that Victorian period—competition of the species, the struggle for 
existence, and survival of the fittest. These metaphors reflected Vic¬ 
torian society and were acceptable to it because they, and the social 
Darwinism quickly derived from them, seemed to ground their norms 
solidly in a biological foundation. 

The use of craniometry in the 19th century provides another ex¬ 
ample. Incorrect biological measurements and false conclusions drawn 
from accurate measurements were accepted because the biological 
“fact” provided a justification for the inferior social position of colo¬ 
nials (especially Blacks) and women. 

Feminist critics have discussed the extent to which the emphasis 
on sex differences research (when, in fact, for most traits there are 
not differences or only very small mean differences characterized by 
a large range of overlap between the sexes) in the neurosciences and 
endocrinology and on the search for genetic bases to justify sex role 
specialization and the division of labor originate from the desire to 
find a biological basis for the social inequality between the sexes. One 
can imagine that a society free from inequality between the sexes 
would not view sex differences research as a valid scientific endeavor. 
The fact that our society supports such research indicates the extent 
to which the values of the society and the scientists influence scien¬ 
tific inequity and “objectivity.” 

2. By emphasizing the social construction of knowledge, Marxism implies 
that dichotomies such as nature/culture, subjective/objective might 
not be the only or even appropriate ways to categorize knowledge. 
Interdisciplinary methods that study disease processes such as cardio¬ 
vascular disease, cancer, and menopause based on interactions be¬ 
tween genetic and environmental factors would be more in tune with 
Marxist approaches. 

3. Marxism also suggests that methods distancing the observer from the 
object of study and/or placing the experimenter in a different plane 
from the subject are seen as more scientific only when the social con¬ 
struction of knowledge is not recognized. The privileging of double¬ 
blind studies and quantitative methods may no longer seem as valid 
when knowledge is recognized as socially constructed. Active partici- 
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pation of subjects in research and qualitative methods may then be 
viewed as a superior way to study health problems. 


Marxist/Socialist Feminist Critiques of Technology 

Just as capitalism, the prevailing mode of production in the 21st-century 
United States, determines the basic scientific research undertaken, capitalism 
also determines the technologies transferred from basic research. These tech¬ 
nologies favor the interests of the dominant class. Numerous scholars of 
technology use Marxist/socialist theory as a foundation for their research on 
“the social shaping of technology.” This phrase suggests that technology and 
society co-evolve, with technology as a social product made up of human 
activities and “know-how.” Technology also helps to form social interactions 
among individuals from different social classes under capitalism. 

As Webster (1995, 4) points out, most scholars of technology have been 
men and have thought about the social shaping of technology in ways that 
tend to exclude women from creation, design, and use of technology. Some¬ 
times women are included as consumers of technology. In contrast, socialist 
feminist critiques include women. Placing gender on equal footing with class 
is referred to as the dual systems approach (Hartmann 1981). In this approach, 
capitalism and patriarchy function as mutually reinforcing parts of a system. 
Both wage labor and the sexual division of labor stand as central features of 
capitalism. Failure to count contributions of women to reproduction and child 
rearing as “productivity” combine with gender differences in wages outside 
the home in a capitalist economy to reinforce patriarchy and power differentials 
in the home. 

Socialist feminism’s dual system provides information useful for analyzing 
the technology wage labor market. For example, women hold jobs in the worst- 
paid, most tedious, and most health-destroying segment of the labor market 
in electronics assembly. Analyses by class and gender have documented that 
for seven to 10 hours each day, it is women who etch circuits onto wafers of 
silicon, dip circuits into vats of carcinogenic solvents, and peer through micro¬ 
scopes to bond wires to silicon chips. Because these women receive poor pay 
and because they cannot easily move to different cities or states, their jobs 
are less likely to be automated than those held by men. The relatively higher 
pay and geographic mobility of men motivates management to automate 
men’s jobs, even though they may be less menial and more difficult to auto¬ 
mate than those held by women. Similar analyses may suggest why men 
dominate the creation of new technologies. Men have more access to ven¬ 
ture capital, greater geographic mobility, and the ability to work longer hours 
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NearJones Beach in New York about 1931■ The Wantagh Spur Parkway passes under 
Sunrise Highway. (Library of Congress) 


than women. These factors may be as critical as is technological expertise for 
the success of start-ups. 

The class relations that emerge under capitalism and gender relations under 
patriarchy help to explain much about the technological labor force. The in¬ 
tertwining of military and masculinity drives much technological innovation 
in this country and explains the choices made to develop technologies in a 
certain way. For example, engineering decisions often favor the wealthy few 
over relatively less expensive technologies (such as devices for the home) that 
aid many people, especially women. 

Robert Caro’s work revealed that Robert Moses, the master builder of New 
York’s roads, parks, bridges, and other public works from the 1920s to the 
1970s, had overpasses built to specifications that discouraged buses on park¬ 
ways. White upper- and middle-class car owners could use the parkways, such 
as Wantagh Parkway, for commuting and for accessing recreation sites, in¬ 
cluding Jones Beach. Because the 12-foot height of public transit buses pro¬ 
hibited their fitting under the overpasses, Black and poor people dependent 
on public transit did not have access to Jones Beach (Winner 1980). 
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Technology Transfer 

Many of the current intellectual property rights agreements and laws provide 
opportunities for choices in technology development that transfer rights and 
money from the public to the hands of private individuals or corporations. 
Patents become the mechanism for transferring to the private sector tech¬ 
nologies developed using public monies. Many ideas from research that was 
paid for by federal grants funded by taxpayer dollars are patented. Capitalist 
interests in potential profits determine which products are developed from 
patents. The intellectual property rights agreements surrounding technology 
transfer permit decisions of product development to occur in the private rather 
than the public realm. This means that capitalist interests in the bottom line 
rather than public needs and interests determine which “products” are devel¬ 
oped. The result is that the intellectual property rights (and profits) are trans¬ 
ferred from the public who paid for the research with their tax dollars to the 
private company, start-up dot.com, institution, or individual who controls the 
patent. This transfer from the pockets of the working class, who pay the taxes 
to underwrite federal research, to the patent holders in the private sector, who 
will reap massive profits, might be viewed by socialist feminists as serving the 
interests of the upper class and capitalism. New technologies in computer sci¬ 
ence and engineering represent prime examples of such transfer because the 
basic research underpinning the technologies is often developed using fed¬ 
eral grants (paid for by taxes). 

Because middle- and upper-class men create and design most new tech¬ 
nologies, it is not surprising that such technologies are more likely to meet their 
needs and appeal to their aesthetics of design. Not only are more engineers 
and computer scientists men, but the primary sources of money for design 
and creation of technology also come from men. If women were creators and 
designers, as well as users, of technology, more technologies might meet the 
needs of women and be adapted for the spaces where women spend time. 
In the 19th century, an article in New Ideas magazine (1896, 214) said, “It is 
due to the inventive faculty of women that we owe the majority of devices 
which lighten and perfect labor in their own domain.” More recently, Frances 
Gabe attempted to eliminate the drudgeries of housework by designing a 
patented house that cleans itself, using 68 separate devices (Macdonald 
1992). Although the self-cleaning house is likely to remain a white, upper- 
middle-class suburban solution that would not necessarily improve the lives 
of lower income women (and might, in fact, eliminate the employment of 
some), it does hold the potential to improve the lives of many women by re¬ 
ducing housework. 

Using the rule of providing the greatest benefit for the common good would 
result in a very different allocation of resources for technology development. 
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Application of such a socialist feminist rule would cause a sort of reversal of 
the Robert Moses overpasses to Jones Beach example. Instead of a road that 
was accessible only to cars and not buses, highest priority would go to de¬ 
velopment of technologies that would redistribute resources to mass transit 
and provide greater access for the poor. 

With the expense of sophisticated equipment, maintenance of laboratory 
animals and facilities, and salaries for qualified technicians and researchers, 
virtually no scientific, technological, or medical research is undertaken today 
without federal or foundation support. Gone are the days when individuals 
had laboratories in their homes or made significant discoveries working in 
isolation using homemade equipment. The choice of problems for study in 
research is substantially determined by a national agenda that defines what 
is worthy of study—that is, funding. As Marxist, socialist, and feminist critics 
have pointed out, the research that is undertaken reflects the societal bias to¬ 
ward the powerful, who are overwhelmingly white, middle- to upper-class, 
and male in the United States. The majority of members of Congress who 
appropriate the funds for the federal agencies such as the National Science 
Foundation and National Institutes of Health fit this description; the same de¬ 
scriptors tend to characterize the individuals in the theoretical and decision¬ 
making positions within the scientific, medical, and engineering establishment. 
These individuals are more likely to vote funds or make research decisions 
they view as significant and beneficial as defined from their perspective, 
which includes the class and gender biases revealed by socialist feminist crit¬ 
ics. The patents emerging from such research and particularly decisions of 
technology transfer and development further exacerbate these class and gen¬ 
der biases. (See also Critiques of Science; Gender and Occupational Inter¬ 
ests; Technology) 
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Ecofeminism 


Barbara L. Whitten 


Introduction 

Ecofeminism means many different things to different people, ranging from 
completely apolitical goddess worship to highly academic analysis to grass¬ 
roots political activism. I will use the term to mean any feminist analysis of 
environmental issues, though I will briefly discuss some of the different threads 
of ecofeminism. 


Founding Mothers and Founding Texts 
Rachel Carson and Silent Spring 

Feminists and environmentalists and ecofeminists all claim Rachel Carson, al¬ 
though she died before the women’s or environmental movements began. 
There are good reasons to think of her as an ecofeminist; she lived a very 
woman-centered life, and her appreciation for the natural world was ex¬ 
pressed in her early work. She used all her gifts: her scientific training, her 
deep love of nature, and her extraordinary eloquence to write the book that 
defines her—one of the most important books of the 20th century. When it 
was published in 1962, Silent Spring and its quiet retiring author were widely 
praised and as widely reviled. Attacks by conservative politicians and chem¬ 
ical industry officials were highly gendered; she was called unscientific (de¬ 
spite her master’s degree from Johns Hopkins), overemotional (despite her 
careful marshaling of scientific information), and a spinster who cared more 
for birds than people. She made use of her fame to speak out to groups all 
over the country and to testify before Congress and the president’s Science 
Advisory Council. Many believe that Silent Spring was the trigger for the en¬ 
vironmental movement. The first Earth Day was in 1970, and the Environmental 
Protection Agency was formed the same year. Rachel Carson did not live to 
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Rachel Carson was a noted biologist a nd ecology writer whose books played a major 
role in launching the modern environmental movement. Carson’s book Silent Spring, 
published in 1962, became a best seller and touched off a controversy that led to a 
fundamental shift in the public’s attitudes toward the use of pesticides. (Library of 
Congress) 


see these consequences of her work; she was struggling with breast cancer 
during the writing of Silent Spring and the publicity following its publication, 
and she died in 1964. 


Carolyn Merchant and The Death of Nature 

The first important book firmly in the ecofeminist tradition is The Death of 
Nature, which analyzed negative effects for women and the natural world 
that resulted from the Enlightenment and the Scientific Revolution. Medieval 
Europe had an organizing vision of a benevolent Mother Earth presiding over 
an organic natural world in which all beings, including people, have their 
place. The Scientific Revolution replaced this with an image of a Newtonian 
world machine that men could understand, dominate, and use for their own 
purposes. The identification of women and nature meant that the denigration 
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of nature was accompanied by the denigration of women; many female 
healers were punished as witches. Merchant has applied this analysis to the 
European colonization and westward expansion of North America. 


Vandana Shiva and Staying Alive 

Vandana Shiva’s work has forced ecofeminists to look beyond Europe and 
the United States to the Third World and to consider colonization and glob¬ 
alization as important factors in the oppression of women and the environ¬ 
ment. Shiva argued that indigenous women of the Third World have a more 
complete understanding of their ecosystems than First World men with their 
“scientific” worldview. When Indian peasant women look at a forest, they see 
food and medicine and firewood for their families, fodder for their livestock, 
and stabilization of soil and water and climate cycles. A masculinist forester, 
in contrast, sees only “economic” trees and “waste” trees. Shiva is one of the 
most prominent Indian intellectuals and activists in the world. She has con¬ 
tinued to write about the effects of globalization on poor women of India, 
and in 1993 she won the Right Livelihood Award, often called the Alternative 
Nobel Prize. 


Women and Nature 

One of the thorniest issues for ecofeminists is the historical Western identifi¬ 
cation of women and nature. Carolyn Merchant (1980) documents the horrify¬ 
ing metaphors of rape and subjugation used by Francis Bacon and others to 
describe the scientific exploitation of the natural world. Some women, whom 
Merchant (1992) calls liberal ecofeminists, argue that the identification of 
women and nature should be abandoned as an outdated artifact of Western 
culture. Women are as rational and logical as men, with no special connection 
to the natural world. In contrast, cultural, or radical, ecofeminists believe that 
women’s biological nature gives them a deep affinity for the natural world 
that should be celebrated. Social (often Marxist) ecofeminists argue that iden¬ 
tifying women with nature is essentialist and dangerous. They suggest that 
any identification of women with the natural world comes from women’s so¬ 
cialization and gender roles and that it differs for women in different social lo¬ 
cations. Elowever, environmental degradation and the oppression of women, 
people of color, and the Third World all derive from the same will to domi¬ 
nation, and it is vital to see these issues as linked. The different conclusions 
reached by these different schools of thought suggest that the connection be¬ 
tween women and the natural world remains unresolved. 
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Women and the Environmental Movement 

Joni Seager (1993) has written an important feminist analysis of the environ¬ 
mental movement. She points out that the mainstream environmental groups 
like the Sierra Club and the Audubon Society grew out of wealthy White male 
groups of hunters and fishermen and that these organizations have been more 
interested in “protecting” and “managing” the wilderness than in the health 
of poor women and children. They have historically been dominated by White 
men, although they have made efforts in recent years to include women and 
people of color. The mainstreaming of environmental issues in the 1980s and 
1990s resulted in greatly increased power and influence for these groups. But 
as they gained influence they also became more professionalized, with lobby¬ 
ists in Washington and slick publicity campaigns and corporate contributions. 
They have increasingly taken on the style of the politicians and corporate ex¬ 
ecutives with whom they interact and have perhaps lost touch with the grass¬ 
roots environmentalists who had originally been their constituency. 

As mainstream environmental organizations became more corporate, more 
radical deep ecology groups like Greenpeace or Earth First! were formed. 
Deep ecologists borrowed from radical ecofeminists (without attribution) a 
good deal of their rhetoric of honoring the earth. But they failed to incor¬ 
porate feminist analysis into their approach to environmental issues. On the 
contrary, they are as male dominated as the mainstream groups and often 
display a macho misogynist attitude. They focus on heroic men “protecting” 
the wilderness and “saving” charismatic threatened species like pandas and 
whales. The rhetoric of “ecocentrism” all too easily becomes antihuman. Calls 
for significant reductions of the human population barely bother to disguise 
their racism and sexism, as exemplified by the appalling letter of Miss Ann 
Thropy (1987), hailing AIDS as a “necessary solution” that will provide a 
“respite for endangered wildlife” by reducing the human population (though 
not that of the author or her friends). 


Grassroots Activism and Environmental Justice 

In contrast to the male-dominated mainstream and radical environmental 
groups, women are often leaders in grassroots organizations that focus on 
human-centered environmental issues like toxic waste dumps, lead poisoning, 
and other threats to human health. Some notable examples are Katsi Cook 
and the Mohawk mothers, who are monitoring PCBs in the St. Lawrence Sea¬ 
way and in mothers’ milk; the Chipko movement of India documented by 
Vandana Shiva, in which Indian peasant women literally hugged the trees on 
which their lives depend to prevent them from being logged by international 
companies; and the Greenbelt movement in Kenya, founded by Wangari 
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Maathai to restore indigenous forests by paying rural women to plant trees. 
These projects are exemplified by Lois Marie Gibbs, a working-class house¬ 
wife who almost single-handedly forced government officials to abandon 
Love Canal and reimburse the people living there. Like Rachel Carson and 
virtually every female environmental activist, Gibbs was derided in very gen¬ 
dered terms. Chemical company executives and government officials treated 
her as an uneducated and ignorant, “hysterical housewife” and discarded her 
carefully prepared maps of deaths, birth defects, cancer, and other serious ill¬ 
nesses as “useless.” Gibbs persisted, finding volunteer scientists to dress up 
her epidemiological studies with “all the pi squareds and all that junk” (Seager 
1993, 265), and she ultimately prevailed. She went on to found the Toxic 
Waste Clearing House to provide resources to other grassroots groups. 

Ecofeminists claim these and similar women involved in grassroots move¬ 
ments, although often the women themselves do not identify as feminists. 
Many believe that the women’s movement is for White, upper-middle-class, 
educated Western women and identify more strongly with their own less- 
privileged communities and with the environmental justice movement. Many, 
however, also feel disrespected by their male relatives and other community 
members, and some have become feminists under this pressure. 

But ecofeminists are deeply indebted to grassroots activists, whether or not 
they can be claimed as part of the community. These activists raise important 
questions, for example, about authority in environmental issues. And they al¬ 
low ecofeminists to be critical of masculinist science and to begin to formulate 
some ideas about what feminist science might be. Joni Seager, for example, 
is skeptical of an overemphasis on science in the environmental movement, 
claiming that it downgrades other equally important evidence; she believes 
that the uncertainty associated with science tends to aid skeptics and delay 
action, as we have seen in the global warming debate in recent years. 


How Ecofeminist Analysis Affects Environmental Understanding 

Ecofeminists, along with other women and people of color, have significantly 
changed our understanding of important environmental issues. Mainstream 
and radical environmental groups often argued that people of color just don’t 
care about the environment. Environmental justice groups have helped us 
see that human communities are also environments and that human health 
issues are environmental issues. Practically speaking, whales and redwood 
trees do not vote; unless a large percentage of people see environmental causes 
as their causes, the movement will have limited impact. 

Joni Seager exposes the misogyny behind campaigns that focus on 
eliminating disposable diapers (2% of garbage) or that blame women for 
wearing fur when the fur-bearing industry is almost exclusively male and most 
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furs are bought by men. Feminist environmentalists have also focused atten¬ 
tion on the enormous environmental damage caused by the military, an issue 
largely ignored by mainstream groups. 

Fluman population growth is the most important issue to benefit from 
an ecofeminist analysis. During the 1980s, mainstream environmental groups 
talked uncritically about the “population bomb” and were complimentary of 
China’s cruel and coercive one-child policy. The thinly disguised racism and 
sexism of this fear of too many brown women having too many brown babies 
went unnoticed. It is ecofeminists who are teaching environmentalists to see 
that the size of the human population is only one facet of a problem that in¬ 
cludes maldistribution of resources and overconsumption among the rich. 
New research shows that programs designed to enhance the position of women 
in the Third World through, for example, education or microcredit, are a much 
more effective way of reducing population growth in poor countries than co¬ 
ercive and dangerous family planning programs. Programs to increase the 
status of Third World women also need to be linked to efforts to provide se¬ 
cure sources of food, water, and shelter to the world’s poor and to decrease 
overconsumption in the First World. 

At the beginning of the 21st century, environmental issues are some of the 
most critical facing the human race. Ecofeminists are contributing to our un¬ 
derstanding of an environmental analysis that includes humanity in environ¬ 
mental protection and shows that the environment is indeed a women’s issue. 
QSee also Discrimination) 
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Rebecca K. Scheckler 


Cyberfeminism is an attempt by feminists to own a part of the computer rev¬ 
olution, where the field of computer science has established a resistant, male 
center of power. In part, cyberfeminism has been very successful in enacting 
feminisms in cybersphere. However, it is currently a marginal part of the com¬ 
puter revolution and will remain so until it becomes engaged in two related 
goals. One is to recognize the deeply embedded values in the layers of soft¬ 
ware and layers of hardware comprising computer tools that cyberfeminism 
utilizes but did not create. The second, a related project, is to engage with 
and join mainstream women, including the few women and supporting men 
in the field of computer science, in order to work with allies who are able to 
deconstruct and reconstruct computer tools to include feminisms. These proj¬ 
ects require (1) knowledge of the research on gender in computer science 
that has revealed the myth that computers are gender neutral and (2) an un¬ 
derstanding of the creativity and energy that has already been generated by 
cyberfeminism. 

In this essay I begin by describing and giving examples of cyberfeminism. 
I cannot call this a definition since the term has evaded being defined. This 
lack of definition is congruent with a postmodernist concept of gender as a 
process that is enacted and reenacted on a daily basis. In addition, the lack 
of a definition has also been a goal of the women who began cyberfeminism 
and who are not about to be captured in the rigidity of definitions and dis¬ 
ciplinary boundaries. I then describe in greater detail the two projects that 
cyberfeminism has yet to achieve and that hinder its ability to accomplish 
feminist reform in design and usage of computers. 


What Is Cyberfeminism? 

Cyberfeminism was begun in Australia by four artists as a reaction to the male 
domination of computers that were taking over the world. The VNS Matrix 


www.abc-clio.com 


387 

ABC-CLIO 


1-800-368-6868 


388 Women, Science, and Myth 


(pronounced Venus matrix), a Web site, was the result of these first efforts 
and established a high level of creativity, bodily reference, and use of the World 
Wide Web in cyberfeminism (Rimini et al. 1991). Drawing on French post¬ 
modern theory, these women wrote the cyberfeminist manifesto (http://www 
.obn.org/reading_room/manifestos/html/cyberfeminist.html). Since then there 
have been several international cyberfeminist forums and many Web sites ex¬ 
ploring the World Wide Web as a medium for art and literature. Art and lit¬ 
erature became the main focus of cyberfeminism (Cyberfeminism—special 
issue of ArtWomen.org 2001). 

Many women involved in cyberfeminism are cyber Utopians who see cy¬ 
berspace as a new, open, and egalitarian frontier where anything is possible. 
The postmodern view of gender is as a process, not an identity, and playing 
with gender online enhances this view of gender. Online, anyone can be 
anything he or she wishes to be and physical realities do not need to hinder 
cyber transformations. Avatars are sometimes used as a representation of 
physical bodies in the cybersphere. 

However, limitations to gender playfulness and physical transformation ex¬ 
ist in software. Avatar construction is limited by choices embedded in the soft¬ 
ware. If the software designers recognized only heterosexuality and traditional 
gender norms, then the users of the software were likewise limited. 

Cyberfeminists use the Internet to be outspoken and expressive with com¬ 
puters (e.g., see http://grrrlmeetworld.com and http://www.hot-topic.org/ 
riotgrrrl) and often to fiercely fight images in popular culture that objectify 
women. Women are finding their way to be politically active, creative, and 
forthcoming with computers. In the process, some are getting hurt by abuse 
and many are fighting back. The Internet as a free space also allows repres¬ 
sion, misogyny, and sexual harassment without control. As the Internet de¬ 
veloped, women found that they needed to band together and protect one 
another against intentional acts to disrupt women’s spaces. 

Researchers, particularly Susan Herring, have shown that the social con¬ 
struction of gender involves language that is so ingrained it persists in cy¬ 
berspace where the physical body cannot be seen (Herring, Johnson, and 
DiBenedetto 1995). This research on gender confronts the desire of cyber¬ 
feminists to perform gender on the Internet. 

Donna Haraway expanded cyberfeminism with her “Cyborg Manifesto,” 
which suggested among other things that the computer could blur the dual- 
istic boundaries of person/machine, person/animal, and man/woman (Har¬ 
away 1991). She sees the necessity of cyborg formations of women and 
machines, another way of recognizing that women must actively take their 
place in a technological world. Some, but not many, women have taken up 
this project. Unfortunately, much of what cyberfeminism creates remains in 
the genre of “using the computer” rather than “creating the computer.” The 
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next two sections briefly explain why this is a problem and suggest ways that 
cyberfeminists might expand their projects. 


Revealing the Value-laden Nature of Computer Tools 

Cyberfeminists are using tools that are imbued with value in layer on layer 
of hardware and software. For instance, all computers rely on Boolean logic, 
in which values can only be true or false, to u t ilize switches that have only two 
positions: on and off. Boolean logic sets up a basic duality in all computer- 
based logic. A Boolean logic certainly does not support plasticity and change. 
All one can do is add binary rule upon binary rule to try to reach the impos¬ 
sible goal of covering all contingencies. 

Imagery on Web sites and within software tools constitutes another exam¬ 
ple of valuation in computers. The limitations of avatars represent examples 
of such imagery. A program designer and programmer have already embed¬ 
ded in software the choices that the avatar user may access. If white skin and 
straight blonde hair are the choices, then users cannot represent themselves 
as dark-skinned and dark curly haired or as having purple skin or hair. 

Cyberfeminists must recognize and overcome the valuation of hardware 
and software. They must interrogate the black boxes that hide from view the 
valuation that design and programming produce. Some cyberfeminists man¬ 
age to do this by imaginative use of software. They create Web sites and zines 
very rich in graphic representations that are certainly innovative in the realm 
of graphics and Web originality. Women in the computer science field still need 
to ask: Where are the women? Why are they not in the field reinventing the 
computer rather than using the androcentric computer in other ways? 


Forming an Alliance of Cyberfeminism with the Feminists in 
Computer Science 

Another side of cyberfeminism exists: the women who work in the field of 
computer science creating and who wonder periodically where the rest of the 
women are. Discussion forum sites, such as systers.org, periodically ask how 
to get more girls into the field. Female computer science professionals, along 
with researchers in sociology, women’s studies, education, and science and 
technology studies view cyberfeminism as a way of reallocating the power 
structures that currently favor male control of computers and computing. 

In my experience, the feminists in computer science do not normally com¬ 
municate with cyberfeminists. They have different professional meetings, 
different listservs and blogs, and different projects. The insiders in computer 
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science constantly deal with a male hierarchy and thus are often stymied about 
the changes they can make to support women. The socialization of these 
women into an androcentric environment potentially makes them less sen¬ 
sitive to a feminist viewpoint. On the other hand, the outsiders to computer 
science mainly use the machine rather than creating the machine. They often 
represent a hyperfeminized view of individuals who are sensitive, artistic, and 
creative. These two groups rarely talk to each other. In fact, these two groups 
may not even see each other as part of the same milieu. The women inside 
computer science keep asking: Where are the women? The women outside 
computer science use the products of a male-dominant field without ques¬ 
tioning the source and reified values of their tools. 

These two groups need to merge and work together. The insiders fight be¬ 
liefs that computer science is gender neutral or genderless. The outsiders hold 
the belief that gender is plastic and can be reformed and reimagined at will. 
These two groups need to agree on conceptualizations of both gender and 
digital tools to be truly effective. 

In a 1997 paper following the first Cyberfeminist International Conference, 
Faith Wilding recommended that cyberfeminism form alliances with techni¬ 
cally skilled women (Wilding 1997). Donna Haraway promoted cyborg im¬ 
agery for feminists. Women within computer science continue to do “men’s” 
work. Cyberfeminists continue to be oblivious to “deep” technology. It is past 
time for technologically proficient women to use the creativity of cyberfem¬ 
inism to design feminist hardware and software. 

Where Can We Go from Here? 

Right now cyberfeminists are swimming on the surface of a great abyss of 
male-dominated and infiltrated software and hardware. It is not even a case 
of trying to “dismantle the master’s house with the master’s tools.” It is a case 
of not knowing the master or his tools and the tools remaining hidden within 
many unreachable black boxes. The myths of gender and cyberfeminisms 
hold that somehow computer hardware and software design occurred with¬ 
out use of gendered values and that somehow they are neutral and ready for 
exploitation by any interested user. Cyberfeminists today need to understand 
computer design and programming or to form alliances with those who do. 
(See also Computer Science; Technology) 
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Race, Postcolonial Gender, 
and Science 

Josephine Beoku-Betts 


Feminist discourse on race, postcolonial (particularly after 1940-1960 when 
European colonization of non-White societies ended) gender, and science ac¬ 
commodates a vast array of disciplines and contesting perspectives. Essen¬ 
tially, the interconnectedness of racism, colonialism, and globalization, along 
with their impact on women and gender, set a context for understanding the 
concerns, priorities, and contributions of feminist scholarship on the subject. 
Drawing on Black, postcolonial, and postcolonial science feminist studies, this 
paper discusses the meanings and understandings they bring to the subject 
and briefly reviews the contributions of key theorists within each category. 
None of these perspectives is mutually exclusive. They all share the common 
epistemological goal of integrating the experiential with the analytical and of 
developing a transformative scholarship and political agenda. 

Underlying much of the discourse on postcolonial gender and science are 
notions of racial difference that are embedded in Eurocentric beliefs about 
the biological, intellectual, and cultural inferiority of formerly colonized non- 
White peoples. While there is no scientific validity to these beliefs, repre¬ 
sentations of race difference based on binary divisions were used by Western 
scientists, particularly in the 19th century, to legitimize colonization of non- 
White societies. These beliefs are still prevalent in the ways popular culture 
portrays people of color, in the racial and cultural biases inherent in mea¬ 
surements used for intelligence testing, and in race and gender discrimination 
experienced by women and men of color who pursue training in the sciences. 
Black feminist theorists challenge the historical impact that such racist notions 
have had on non-White—especially Black—women since the beginning of 
colonialism. A noted example of scientific racism is the case of Sarah Bartman. 
A South African woman of Khoi Khoi descent, her body was denigrated in 
displays of her genitalia and buttocks in numerous exhibitions in Europe dur¬ 
ing the 19th century. Dehumanized and objectified, she was used to exemplify 
the racial, sexual, and physical inferiority of Africans and to normalize the 
White female body. Under slavery and colonialism, Black women were rep- 
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resented as sexually promiscuous or asexual beasts of burden to justify their 
exploitation as productive and reproductive labor and their physical and sexual 
abuse. Today, Black feminists criticize White feminists for marginalizing Black 
women’s sexuality in discourses on the female body, such as in the debate 
on reproductive choice, which did not address the unequal relationships 
structuring how women of color define and respond to the right to choose 
based on societal constructions of race, ethnicity, class, and sexuality. Implicit 
therefore in Black feminist conceptions of race in the colonial and postcolo¬ 
nial context are constructs of race, class, sexuality, and gender as interlocking 
systems of oppression shaping Black women’s experiences. While numerous 
scholars have written about these issues, this entry focuses on selected writ¬ 
ings of Evelynn Hammonds and Patricia Hill Collins, Black feminist scientists 
whose works have done much to transform feminist theorizing by politicizing 
Black women’s sexuality and by developing knowledge construction based 
on intersectional analysis of women’s lived experiences. 

The feminist historian of science, Evelynn Hammonds, has used her expe¬ 
riences as a student and scholar to draw the attention of the academy to race 
and gender discrimination in the sciences. Her work compels feminists to re¬ 
frame the discourse on women’s sexuality, understanding that it is based on 
cultural constructions that differentially locate women on the basis of race, 
gender, class, and sexuality. Her seminal article, “Toward a Genealogy of Black 
Female Sexuality” (1997), argues that dominant discourses of women’s sex¬ 
uality have historically rendered Black women invisible while applying binary 
divisions to characterize their sexuality—in contrast to that of White women— 
as pathological, immoral, and impure. Black women have reacted to this de¬ 
valuation of their bodies with a culture of silence. Hammonds suggests that 
Black feminist theorists have avoided exploring the agency of Black women’s 
sexuality because of their own sexual objectification that can be used by oth¬ 
ers to discredit the intellectual knowledge they produce on the subject. This 
silence has had a negative impact on how the experiences and needs of Black 
women have been addressed with respect to the AIDS epidemic, in the failure 
to address Black lesbian sexuality, and in the potential development of a 
Black feminist community that is inclusive of separate and common interests. 

In Black Feminist Thought (1990), arguably the most widely acclaimed the¬ 
oretical work on Black feminism, feminist sociologist Patricia Hill Collins chal¬ 
lenges the discourse on feminist epistemology by putting Black women at 
the very center of analysis. As producers of scientific knowledge, Black women 
intellectuals have seen their work made invisible by the dominant Eurocentric 
male paradigm that disregards it. Hill Collins urges them to create their own 
intellectual knowledge informed by their own lived experience. Such expe¬ 
riences bring to scientific knowledge production a self-defined and alternative 
vantage point that is unavailable to those who do not share them. In “Moving 
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Sociologist Patricia Hill Collins. (Cour¬ 
tesy Patricia Hill Collins) 


beyond Gender: Intersectionality and Scientific Knowledge” (1999), Hill 
Collins applies the concept of intersectionality to feminist discourse on gen¬ 
der and scientific knowledge. She argues that feminist critiques of gender and 
science have been complicit in failing to address the politics of gender, race, 
class, ethnicity, sexuality, and nationality. These interlocking systems of op¬ 
pression are historically constituted and have shaped the framework within 
which scientific knowledge has been produced and articulated. Hill Collins 
posits that intersectionality analysis will significantly transform understandings 
of scientific knowledge when applied to feminist discourse on science. 

Postcolonial feminist theories apply a feminist lens to the postcolonial cri¬ 
tique of racism, colonialism, and globalization and to analysis of how these 
processes have pervaded the construction of knowledge, identity, laws, and 
policies in formerly colonized societies. They challenge the privileging of Euro- 
American feminism over other feminisms, which they view as a replication 
of colonial hegemony. They express frustration in having to conform with, 
while being excluded from, the dictates of shared intellectual space in feminist 
theoretical frameworks, some of which cannot adequately explain situated 
differences or complex social arrangements that shape Third World women’s 
experiences. Thus, much of what is known about women in the Third World/ 
Global South is based on essentialized notions of the “Third World woman” as 
a monolithic analytical category. Western feminists have also been challenged 
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for their inattention to the gendered dimensions of racism, colonialism, and 
globalization in analyses of processes that shape differences among women 
in colonized and postcolonial societies. They have ignored or overlooked the 
culturally and politically distinctive struggles of colonized women to resist, 
overcome, and transform oppressive patriarchal practices in their societies. 
Postcolonial feminists see all this as being complicit with the historical and 
contemporary legacies of colonialism and global economic expansionism. 
While various postcolonial feminists have discussed this issue, selected con¬ 
tributions from the works of Gayatri Spivak and Chandra Talpade Mohanty 
raise issues that have triggered considerable debate and reshaped feminist 
understandings of the impact of race, class, and gender on knowledge pro¬ 
duction in postcolonial societies. 

Gayatri Spivak (1988) is best known for her essay, “Can the Subaltern 
Speak?’ in which she addresses the representation of Third World women as 
the marginalized “other” in Western discourse. She describes as “epistemic 
violence” the subjugation and disqualification of the Third World woman’s 
situated knowledge under colonialism because of race and class oppression 
as well as indigenous and colonial state patriarchy, which deny her access to 
education, the law, and a voice of authority. Spivak draws on the historical 
Hindu practice of Sati to illustrate how the Hindu woman was portrayed as 
a victim to be rescued from “backward” and “traditional” Indian customs, un¬ 
able to articulate her own oppression. Although Spivak suggests that post¬ 
colonial feminist intellectuals can give a voice to the subaltern, some others 
contend that subaltern voices are not necessarily silent and that evidence of 
that agency must be recovered, articulated, and validated. 

Chandra Talpade Mohanty is a trailblazer in postcolonial feminist studies 
in that she has reframed scholarship on Third World women epistemologi¬ 
cally and pedagogically, helping to transform thinking about transnational 
feminist activism. Focusing on the social sciences, Mohanty’s path-breaking 
paper, “Under Western Eyes” (1991), challenges Western feminist constructs 
of gender and patriarchy as universal and ahistorical, and the objectification 
of Third World women as a homogeneous and unitary group—irrespective of 
diversities across class, race, ethnicity, and nationality. She deconstructs the 
objectification of Third World women as poor, uneducated, traditional, and 
powerless in contrast to their White and middle-class and Western counter¬ 
parts. She exposes the political underpinnings of these analytical strategies by 
showing historical continuities in Western hegemonic control over global eco¬ 
nomic, political, scientific, and cultural knowledge production, and she ana¬ 
lyzes the exploitative effects of this process on Third World women. In her 
article, “Women Workers and Capitalist Scripts” (1997), she examines the 
sexual politics of gender and race under global capitalism and the specific ways 
in which women workers are exploited under this process. Her vision of 
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transnational feminist scholarship and activism is that both must reflect the 
shared economic and political realities of women’s lives under global capi¬ 
talism and provide a more comparative and relational analytical framework. 
This forms a basis for forging self-defined common interests, political solidar¬ 
ity, and ideological transformation among women workers across race, eth¬ 
nicity, class, sexuality, and nationality. Mohanty’s most recent work argues 
that transnational feminist theorizing and activism in the 21st century must 
focus on antiglobalization struggles, making the experiences and struggles 
of marginalized women of color in the Third World/Global South and First 
World/Global North the center of analysis. In her view, this will provide a 
stronger and more inclusive understanding of the politics of knowledge pro¬ 
duction and embedded power relations, thereby providing a means to de¬ 
mystify, resist, and engender transformative processes. 

Postcolonial feminist science sees the postcolonial science agenda from a 
feminist standpoint, which means that it is the historically constituted rela¬ 
tionship among racism, sexism, and science that becomes the focal point. 
Postcolonial science theories take the perspective of non-European cultures 
and especially the most marginalized within those societies. This vantage point 
makes it possible to identify differing priorities and concerns in science and 
technology that are not usually considered legitimate by the dominant mas- 
culinist and Eurocentric scientific community. A key issue is the importance 
of understanding differences between First World/Global North and other 
worldviews and the influence of these differences on the production and ap¬ 
plication of scientific knowledge. In sum, postcolonial feminist science aims 
to challenge and transform the prevailing knowledge base of science and to 
promote a democratic and socially responsible science that is historically sit¬ 
uated and aware of the effects of interlocking relations of domination of race, 
gender, class, sexuality, and nation. Selected contributions of Sandra Harding 
brought the feminist voice to discourse in postcolonial science. 

In the fields of feminist science and postcolonial science, feminist philoso¬ 
pher Sandra Harding has been instrumental in establishing the case for a more 
culturally diverse and democratic science that is historically situated and rooted 
in the lives of women and other economically and politically marginalized 
groups in the Third World/Global South and First World/Global North. Think¬ 
ing from these distinctive standpoints provides a starting point from which new 
questions can be asked about existing social arrangements and conventional 
knowledge claims concerning nature and society. It allows for “strong objec¬ 
tivity,” that is, more innovative, accurate, and unbiased scientific knowledge 
and policy initiatives that will benefit the most vulnerable in society. In her 
book, Is Science Multicultural? (1998), Harding argues that postcolonial 
feminist standpoints have been bypassed in the construction of postcolonial 
science and Global North science, including feminist science studies. Yet they 
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broaden understanding of ways in which race, ethnicity, class, colonialism, 
sexuality, and gender intersect to construct scientific agendas of the Global 
North. They also provide a lens through which to assess the impact of science 
and technology policies and practices on the marginalized, among which 
women and their dependents are often severely affected. In other words, post¬ 
colonial feminist science studies help us envision what Harding describes as 
a “world of sciences.” (See also Feminist Science Studies; Marxism/Socialism 
and Feminism/ Gender; Race) 
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Mary Wyer 


The emergence of scholarship about women and gender in the 1970s and 
1980s sparked a feminist critique of gender bias in the theories, methods, lan¬ 
guage, and interpretations of scientific research (e.g., Linda Birke, Ruth Bleier, 
Anne Fausto-Sterling, Ruth Hubbard, Evelyn Fox Keller, Sue Rosser, and 
Bonnie Spanier). The resulting firestorm launched a multidisciplinary debate 
about the strengths and limitations of commitments to objectivity in scientific 
research. Feminists pointed out that women had been excluded from science 
as professionals and as subjects of study and that this exclusion was based 
on inaccurate and biased information about the scope of women’s scientific 
abilities, interests, and accomplishments. This insight led some to question 
whether scientific inquiry could be objective within a culture that dismissed 
and marginalized women, since scientists had contributed to these biases 
through the conventions and authority of science. Others argued that sci¬ 
entific knowledge was a social construction, that scientists could not “dis¬ 
cover” nature but rather could only build best-approximate models of nature, 
inevitably contained by historical and social context. Still others maintained 
that the roots of Western science were inextricably linked to patriarchal, post¬ 
colonial, and/or capitalist domination and that much of contemporary scien¬ 
tific knowledge rested on the appropriation and exploitation of knowledge 
from colonized peoples of Africa and Asia. 

Contributing to the debate were philosophers (e.g., Sandra Harding, Helen 
Longino), sociologists (e.g., Harriet Zuckerman, Hilary Rose), psychologists 
(e.g., Carol Gilligan, Nancy Chodorow), historians (e.g., Margaret Rossiter, 
Londa Schiebinger), anthropologists (e.g., Adrienne Zihlman, Sharon Traweek), 
primatologists (e.g., Donna Haraway, Linda Fedigan), and a host of others 
to explore how, if, when, and why social processes and practices have 
grounded, inspired, and shaped scientific knowledge. This body of work has 
been known variously under titles such as “women and science,” “gender 
and science,” and “feminist critiques of science.” In recent years, contempo¬ 
rary feminist scholars of/in science have adopted the term feminist science 
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studies to indicate that the field includes studies of both progressive and op¬ 
pressive elements of scientific values, perspectives, and institutions. Feminist 
science studies as a field emphasizes the intersections of multiple social iden¬ 
tities, practices, and processes in science, including gender, race, ethnicity, 
class, and sexualities (Mayberry, Subramaniam, and Weasel 2001). An impor¬ 
tant new focus within feminist science studies emphasizes “successor science” 
projects, that is, developing theory, methods, and topics that embrace femi¬ 
nist values and perspectives and then teaching that new approach within the 
university curriculum. 

Studies that tap feminist perspectives in/on the sciences fall broadly into 
five categories of work: (1) biographical or autobiographical accounts of ex¬ 
periences with invisibility, marginalization, and exclusion; (2) explorations 
of the use of science in the perpetuation of gender inequality; (3) analyses of 
science as socially produced and embedded; (4) successor science projects; 
and (5) education and public policy initiatives. These efforts are characteris¬ 
tically multidisciplinary and interdisciplinary—that is, they have emerged from 
within several disciplines and they integrate themes, perspectives, and meth¬ 
ods across disciplines. Though a wide variety of work falls under the umbrella 
of “feminist science studies,” all share an underlying commitment to uncovering 
and challenging systematic and systemic social, economic, and political op¬ 
pressions of women. 


Biographical, Autobiographical, and Historical Accounts 

Because women have been excluded from, or marginalized within, scientific 
fields, many researchers have focused on recovering knowledge about women 
scientists and their experiences. Major biographical studies of exceptional 
women in science chronicle lives filled with determination in the face of dis¬ 
crimination and bias that contained, diverted, and seldom recognized their 
abilities and achievements. For instance, longevity appears to be an additional 
criterion necessary for women to win a Nobel Prize in science, indicating that 
women must be brilliantly productive for a lifetime to be awarded a prize 
while men are awarded the prize earlier in their careers. First-person accounts 
and autobiographical studies have detailed the ways in which women scien¬ 
tists’ teachers, colleagues, friends, and family have discouraged or encouraged 
their commitment to a scientific career. Stories about explicit insults and ex¬ 
clusion, intellectual sabotage, and institutional discrimination reveal the hard¬ 
ships and resistance that women faced (and still face) in male-dominated fields 
of study (Weisstein 1977; Wayne 2000). For many readers, such accounts are 
their first encounter with the harsh educational realities of becoming a woman 
in science. Some theorists have argued that scientific practices are predicated 
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on the exclusion of women so that women must abandon their gender iden¬ 
tity to become a scientist (Keller 1977). Others maintain that women do sci¬ 
ence in distinctive ways (Eisenhart and Finkel 1998). First-person accounts 
most often reveal a host of educational and social processes that are endemic 
to broader cultural beliefs about women, men, and science, as people testify 
to the challenges they have overcome. Histories of women in the sciences 
have elaborated the broader contexts of educational opportunities and work¬ 
ing conditions of women scientists as well as the legal, political, economic, and 
scientific challenges that confronted them in the United States, Great Britain, 
and Europe (Rossiter 1982, 1995). 


The Use of Science in the Perpetuation of Inequality 

Though women and people of color have made significant and often over¬ 
looked contributions to scientific knowledge, in general the scientific profes¬ 
sions have been dominated by White males. This stark fact has given rise to 
questions about the degree to which the scientific method can produce ob¬ 
jective results in research about women and about sex and gender differences. 
Research about the emergence and application of medical knowledge about 
women, for instance, documents the ways in which male physicians have un¬ 
derstood women’s bodies almost exclusively in terms of reproduction rather 
than as fully human and physiologically complex (Martin 1992). Research about 
sex difference has been particularly contested since its emergence in 19th- 
century Great Britain and Europe in debates about human evolution. Because 
lawyers, educators, economists, employers, and policy makers often drew on 
biased science to explain why women should be denied constitutional rights, 
access to higher education, fair wages, employment, and political represen¬ 
tation, sex difference research has few advocates among feminist scientists. 
Sex difference research is critiqued by many contemporary scholars as thor¬ 
oughly flawed by its origins in efforts to legitimate and naturalize the op¬ 
pression and exploitation of women and people of color by elite White males 
(Connell 2002). Most contemporary researchers emphasize that differences 
between women and men in social status and power cannot be linked scien¬ 
tifically to physiological sex differences (Rose and Rose 2000). 


Science as Socially Produced and Embedded 

Though some have argued that research about sex differences is an example 
of “biased” science that can become objective through a process of review, 
critique, and revision, others have argued that all science is a product of 
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human activity and as such is limited by the social and historical contexts of 
discovery. Human activity is never “value free” since all that people do and 
say is interpreted and given meaning within social life. Which research topics 
are deemed worthy of study, how research questions are formulated, how the 
resulting data are gathered and interpreted, and the language that is used in 
all of the above often depend on when; in what social, economic, and po¬ 
litical environment; and by whom the work is done. Science is thus a social 
activity that is constructed and constrained by the shared practices of a com¬ 
munity of highly trained specialists (Harding 1991; Traweek 1988). Feminist 
science studies grounded in this perspective have explored, in particular, the 
subtle ways in which the language of science at once reveals and reinforces 
cultural practices and politics in the grounding assumptions, methods, inter¬ 
pretations of data, and theories utilized by scientists (Haraway 1991). The lan¬ 
guage that scientists use is not transparent—it does not function simply as a 
passive vehicle through which scientists gather and relate knowledge of the 
natural world. Rather, language both represents and creates the shared mean¬ 
ings that a scientific community attaches to the concepts, metaphors, and im¬ 
ages that scientists use (Keller 1992). Specialized vocabularies develop in 
fields as a consequence of this process, but scientists (and all specialists) use 
concepts, metaphors, and images from the culture at large as well (e.g., Cohn 
1987). 


Successor Science Projects 

Feminist science researchers have confronted a dilemma: scientific research 
can be a powerful tool with which to challenge and correct knowledge about 
women and gender. But the scientific method has not only failed to eradicate 
social biases, it has sometimes been used in the service of them. Women and 
men who are highly trained scientists committed to fully inclusive, liberatory, 
and empirically persuasive research have begun to explore how to reimagine 
and reinvigorate science with insights gained from feminist theory. There are 
several components of such work: understanding how sex and gender differ¬ 
ences matter (or do not matter) for a research question, accepting that theo¬ 
ries and hypotheses are not transparently unbiased and apolitical, avoiding 
reductionist methods, viewing nature as a phenomenon that should be under¬ 
stood but not dominated, and working with a diverse community of researchers 
(Longino 1989). Because success in contemporary scientific laboratory research 
demands a high degree of conformity to social arrangements based on a set of 
opposing components (neutrality, reductionism, and hierarchy, for instance), 
laboratory-based successor science projects are rare or rarely reported. Some 
argue that primatology, as a field, is a successor science because it has been 
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fundamentally changed by an increase in the participation of women and the 
influence of feminist ideas (Fedigan 2001). 


Education and Public Policy 

There is a substantial body of research that focuses on educational and public 
policy concerns related to the underrepresentation of women in scientific 
training and employment. In contrast, feminist science studies emphasizes 
the content of science curriculum and the goals and commitments of the sci¬ 
entific profession. Advocates promote educational innovation to underscore 
the systematic and institutionalized exclusion and marginalization of women 
and gender as subjects that matter in scientific education, training, and re¬ 
search (Rosser 1995; Mayberry, Subramaniam, and Weasel 2001). This em¬ 
phasis distinguishes feminist science studies as an effort to encourage changes 
in the values, priorities, and goals of the scientific community—changes that 
will need to be represented in the curriculum to be effective in reeducating 
the next generation of scientists. There is experimental evidence that students 
benefit educationally from the course revisions advocated (Wyer et al. 2007). 
The national Women’s Health Initiative is one example that demonstrates how 
including women changes scientific knowledge for the benefit of women. It 
was launched in 1991 as a public health policy initiative in response to crit¬ 
icisms that medical research used the male body as the biological norm for 
all human medical research. As a consequence of relying on this norm, med¬ 
ical professionals had received too little training about women’s bodies and 
gender dynamics in the conditions of their lives, impairing the health care that 
women receive. Through the Women’s Health Initiative, and in conjunction 
with reforms at the National Institutes of Health, research and medical training 
about the general health of women have expanded significantly. Though this 
growth is important, within feminist science studies there is a continued press 
to extend such work to include health issues related to ethnicity, sexuality, 
and class. (See also Biologists Who Study Gender/Feminism; Critiques of Sci¬ 
ence; Discrimination; Feminist Philosophy of Science; Marxism/Socialism and 
Feminism/Gender; Race, Postcolonial Gender, and Science; Women’s Health 
Movement) 
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Historically, myths surrounding gender and sexuality meant that the health 
of all—men, women, and children—fell into the hands of women. Because of 
their experience with pregnancy and childbirth, midwives knew about the 
anatomy of the body, evolved knowledge of herbs and their medicinal prop¬ 
erties to cure disease, and understood variations in reproductive cycles and 
life stages of healthy women. Most women had at least a rudimentary knowl¬ 
edge of herbs and medicinal properties of plants, which they used to cure 
disease and maintain health within their families. 


Colonial Era to Mid-1950s 

In the Colonial era, in the United States, most physicians freely used the title 
doctor, although most were self-taught. Two thirds of New England medical 
practitioners did not have college, apprentice training, access to safe pharma¬ 
ceutical preparations, or antiseptic surgical procedures. By the 18th century, 
male physicians gradually began to take over the practices of midwives. In 
Witches, Midwives, and Nurses, Ehrenreich and English (1974) document the 
struggle by male physicians to wrest health care from midwives in the late 
19th century as they sought credibility and a base of economic security for 
their practice as physicians. The end of the 19th century and particularly the 
early part of the 20th century witnessed increasing medicalization of preg¬ 
nancy, childbirth, and lactation. Concurrently, there was a shift from female 
support and guidance during these normal reproductive events occurring in 
the home to male authority and control over events that were seen as requiring 
hospitalization and physician intervention. In the 1940s for women giving birth, 
U.S. physicians began to use the drug scopolamine or “twilight sleep,” first 
introduced in Germany in the 1930s, increasing the incidence of hospital 
births under total anesthesia (Leavitt 1986). At approximately the same time, 
bottle feeding on schedule replaced breast feeding on demand. By the middle 


www.abc-clio.com 


405 

ABC-CLIO 


1-800-368-6868 


406 Women, Science, and Myth 


of the 20th century, the male medical establishment had gained almost com¬ 
plete control over childbirth in the United States; for example, in 1983, 99 per¬ 
cent of births in the United States “occurred in hospitals, and 98 percent of 
these were attended by physicians” (Sullivan and Weitz 1988, 1). 

Women physicians channeled their work into community-focused educa¬ 
tional activities and collaborative work with nurses, practicing in community 
schools, orphanages, and voluntary health agencies. They initiated well-child 
clinics and mothers’ milk banks and urged humane laws to restrict child labor. 
In the late 19th century, excluded from practicing in most hospitals, women 
physicians opened hospitals for women and children. Because male physi¬ 
cians tended to ignore the working classes and poor and because too many 
children too closely space imperiled the health of poor women, reproductive 
issues became significant in the first wave of feminism—at the beginning 
of the 20th century and in the rise of public health in the United States. Mar¬ 
garet Sanger spearheaded the birth control movement in the 1910s and 1920s, 
opening the first birth control clinic in the United States in Brooklyn in 1916 
(Tone 1996). Joined by hundreds of organizations and individuals in a collective 



Two women and three children in clinic waiting room, about 1920. (Margaret Sanger 
Papers collection/Library of Congress) 
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struggle, Sanger led the fight against the Comstock Act passed in 1873 prohibit¬ 
ing distribution of contraceptives or information preventing conception, and 
her publicizing and popularizing birth control created public consciousness 
around the need for women to control their bodies. Although Sanger became 
somewhat discredited after World War II because of her association with the 
eugenics movement, in the early 20th century in the United States, she stands 
out as the individual who crusaded for safe, legal contraception. 

After the American Civil War, most states passed laws overturning the tra¬ 
ditional right of girls and women to abort during the first trimester of preg¬ 
nancy. These laws, passed in the late 19th century, allowed licensed physicians 
to perform abortions only when the pregnant woman’s life was in danger due 
to a medical condition. Until about 1950, most hospitals performed legal abor¬ 
tions frequently and routinely for a number of medical conditions, including 
severe psychiatric disorders. Beginning in the 1950s and extending until Roe v. 
Wade made abortion legal in all states in the United States in 1973, medical- 
technological advances and improvements in obstetrics divided the medical 
profession over abortions. Thinking of pregnancy as an added burden that 
women with certain diseases and mental conditions could not withstand be¬ 
came more difficult as improvements in technology and medicine decreased 
the situations in which the pregnant woman’s life was clearly in danger. Abor¬ 
tion rates in the 1950s and 1960s decreased significantly over the rates earlier 
in the 20th century (Solinger 1992). 


The 1960s 

As in the first wave of feminism, a motivating force begun in the 1960s was 
women’s health concerns. Women sought the right to control their own 
bodies through access to safe birth control, abortion, and information about 
their physiology and anatomy; to define their own experiences as a valid as¬ 
pect of their health needs; and to question the androcentric bias found in the 
hierarchy of the male-dominated health care system and its approach to re¬ 
search and practice. 

Activist individuals, encouraged partially by the women’s movement in 
the late 1960s, brought legal challenges, including class action suits, against 
medical schools that had quotas limiting the admission of women as well as 
men of racial and ethnic minorities. Their legal challenge of the quota system 
was a first of many critiques women presented to the medical profession. 
Women activists can claim responsibility for initiating a demographic shift 
within the medical profession that increased the percentage of women med¬ 
ical school graduates from about 7 percent in the mid-1960s to almost 50 per¬ 
cent today. 
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Much of the impetus for women’s health arose from the women’s move¬ 
ment in the 1960s and from community activists. In 1970, the U.S. Senate held 
hearings on the contraceptive pill, organized in response to Barbara Seaman’s 
1969 book, The Doctor’s Case against the Pill. In 1972, Belita Cowan created 
Her-Self, the leading newspaper of feminist health, and Phyllis Chesler wrote 
Women and Madness, critiquing sexism in the mental health system. These 
individuals, along with Mary Howell, the first female dean at Harvard Medical 
School and author of Why Would a Girl Go into Medicine? became founding 
members of the National Women’s Health Network in 1975 in Washington, 
DC (Pearson and Seaman 1998). 

Consumer, community-based organizations such as the National Women’s 
Health Network (NWHN), the National Breast Cancer Coalition (NBCC), and 
the Boston Women’s Health Book Collective (BWHBC) remain very active 
today. As women’s health becomes institutionalized within the profession 
and academy, leaders such as Adrienne Fugh-Berman, president of the Na¬ 
tional Women’s Health Network, epitomize and facilitate connections among 
women’s health consumers, activists, and health care professionals to under¬ 
stand new issues and ethical dilemmas in women’s health; they also ensure 
that women’s health continues to address the practical concerns of the lives 
of real women. The NBCC played an instrumental role in bringing together 
activists, consumers, politicians, and researchers to increase funding for re¬ 
search into breast cancer. In 2005, the BWHBC published a new edition of 
Our Bodies, Ourselves, written by over 400 women based on their experiences 
and knowledge. Our Bodies, Ourselves has sold over 4 million copies since 
it was written over 30 years ago. 

Not until a substantial number of women had entered the professions of 
biology and medicine could biases from androcentrism be exposed. Once the 
possibility of androcentric bias was discovered, the potential for distortion on 
a variety of levels of research and theory was recognized: the choice and def¬ 
inition of problems to be studied, the exclusion of females as experimental 
subjects, bias in the methodology used to collect and interpret data, and bias 
in theories and conclusions drawn from the data. Since the practice of modem 
medicine uses a biomedical approach based in positivist research in biology 
and chemistry and depends heavily on clinical research, any flaws and ethical 
problems in this research are likely to result in poorer health care and in¬ 
equity in the medical treatment of disadvantaged groups (Rosser 1994). 

This realization uncovered gender bias that had distorted some medical re¬ 
search. Women’s health had become synonymous with reproductive health 
and obstetrics/gynecology. This meant that many diseases that occurred in both 
sexes had been studied in males only and/or used a male-as-norm approach. 
Cardiovascular diseases are a case in point. Research protocols for large-scale 
studies of cardiovascular diseases conducted in the early 1990s—such as the 
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Multiple Factor Risk Intervention Trial, the Physicians’ Health Study, and the 
study of coffee and cardiovascular disease (Rosser 1994)—failed to assess gen¬ 
der differences. Women were excluded from clinical trials of drugs because 
of fear of litigation from possible teratogenic effects on fetuses. Exclusion of 
women from clinical drug trials was pervasive: a meta-analysis, published in 
September 1992 in the Journal of the American Medical Association, surveyed 
the literature from I960 to 1991 on clinical trials of medications used to treat 
acute myocardial infarction; the results showed that women were included in 
less than 20 percent and the elderly in less than 40 percent of those studies 
(Gurwitz, Nananda, and Avorn 1992). A 1996 study included all prospective 
treatment and intervention studies published in the New England Journal of 
Medicine, the Jou rnal of the American Medical Association, and the Annals 
of Internal Medicine between January and June in 1990 and 1994; it revealed 
that only 19 percent of the 1990 studies and 24 percent of the 1994 studies 
reported any data analysis by gender, despite the fact that 40 percent of the 
subjects were female (Charney and Morgan 1996). 

Excessive focus on male research subjects and definition of cardiovascular 
diseases as “male” led to underdiagnosis and undertreatment of the disease 
in women. Studies demonstrated that women were significantly less likely 
than men to undergo coronary angioplasty, angiography, or surgery when ad¬ 
mitted to the hospital with a diagnosis of myocardial infarction, unstable or 
stable angina, chronic ischemic heart disease, or chest pain. This significant 
difference remained even when variables such as race, age, economic status, 
and other chronic diseases such as diabetes and heart failure were controlled. 
Similarly, women experienced angina before myocardial infarction as fre¬ 
quently as, and with more debilitating effects than, men; yet women were 
referred for cardiac catheterization only half as often. These and similar studies 
led Bernadine Healy, a cardiologist and first woman director of the National 
Institutes of Health (NIH), to characterize the diagnosis of coronary heart dis¬ 
ease in women as the Yentl syndrome: “Once a woman showed that she was 
just like a man, by having coronary artery disease or a myocardial infarction, 
then she was treated as a man should be” (Healy 1991, 274). The male- 
as-norm approach in research and diagnosis, unsurprisingly, was translated 
into bias in treatments for women. Women exhibited higher death rates from 
angioplasty and coronary bypass surgery because the techniques had been 
pioneered using male subjects (Rosser 1994). 

Women scientists, consumers, physicians, and politicians brought these rev¬ 
elations and other examples of bias and gaps in research and practice to the 
attention of the health community. After the 1985 U.S. Public Health Service 
survey recommended that the definition of women’s health be expanded be¬ 
yond reproductive health, the Government Accountability Office (GAO) re¬ 
ported that the NIH expended only 13-5 percent of its budget on women’s 
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health issues. In 1990, the GAO criticized the NIH for inadequate represen¬ 
tation of women and minorities in federally funded studies and the Congres¬ 
sional Caucus for Women’s Issues introduced the Women’s Health Equity Act. 
In 1991, Bernadine Healy established the Office of Research on Women’s 
Health and announced plans for the Women’s Health Initiative. The Women’s 
Health Initiative is designed to collect baseline data and look at interventions 
to prevent cardiovascular disease, breast cancer, colorectal cancer, and osteo¬ 
porosis; it seeks to fill the gaps in research and practice. 


Expanding the Definition of Women’s Health 

The interdisciplinary nature of most issues in women’s health and disease 
formed the raison d’etre for health care professionals and researchers from 
diverse specialties, professions, and disciplines to interact. They recognized 
that the traditional territory of obstetrics/gynecology failed to include much 
of women’s health beyond the defined limits of reproductive issues such as 
pregnancy, childbirth, menopause, ovarian hormones, menstrual cycles, and 
contraception. They expanded women’s health to include differences in fre¬ 
quency, symptoms, and effects of diseases found in both sexes, such as dif¬ 
ferences in cardiovascular diseases, many lung diseases (such as primary 
pulmonary hypertension), sexually transmitted diseases, gastrointestinal dis¬ 
orders (such as gallstones), neurological disorders (such as multiple sclerosis 
and migraine headaches), urinary tract disorders (such as incontinence), and 
psychiatric and behavioral problems (such as depression, anxiety, substance 
abuse, and eating disorders). Women’s health encompasses sex differences 
at the molecular level of metabolism of drugs, including their interactions with 
hormones, exposure to environmental toxins, and absorption of food, vitamins, 
and minerals. This expanded definition extends throughout women’s life 
span from before adolescence through aging, including end-of-life issues and 
dying; it encompasses all facets of women’s life, recognizing sociocultural is¬ 
sues such as domestic violence, rape, child abuse, and poverty as primary 
health issues for women and their families. 

This expanded definition also requires linkages with researchers in liberal 
arts to understand women’s health. Behavioral and social sciences, particularly 
psychology, sociology, anthropology, and women’s studies, provided basic 
research theories for domestic violence, eating disorders, and sexual and/or 
physical abuse, now recognized as central to women’s health. 

Acquired immune deficiency syndrome (AIDS) in women also exemplifies 
why an understanding of social factors and power/gender interactions need 
to be understood to effectively combat the disease. Much as with cardio¬ 
vascular disease, androcentric bias led to the definition of AIDS as a male dis- 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


Women’s Health Movement 411 



National 

Women and Girls 


\ 


HIV/AIDS 

Awareness Day 


March 10 



National Women and Girls HIV/AIDS 
Awareness Day poster, an event spon¬ 
sored by the Office on Women’s Health 
at the U.S. Department of Health and 
Human Services. (U.S. Department of 
Health and Human Services) 


ease in the United States. Although for some time women infected with the 
human immunodeficiency virus (HIV) had demonstrated higher rates of ab¬ 
normal Pap smears and cervical cancer, increased incidence of pelvic inflam¬ 
matory disease resistant to treatment, and severe vaginal yeast infections 
resistant to cure, until 1993 these conditions were not included in the revised 
Centers for Disease Control (CDC) case definition of AIDS. Immediately when 
the definition changed, the numbers of cases of AIDS increased dramatically 
because women were included in the statistics (Rosser 1994). Furthermore, 
statements by women that their only possible risk behavior might have been 
heterosexual intercourse with a male who had said he was not HIV-positive 
were not taken seriously by most researchers until they were corroborated 
by a study of men in which 35 percent admitted that they would lie to a po¬ 
tential sex partner about their HIV status, and 20 percent said they had lied 
about having been tested. Similarly, most of the education and advertising 
campaigns about condom use initially were directed toward women, despite 
reports by some women that requiring condom use increased battering by 
their partners. Little research has focused on the information given to health 
care practitioners to address complications that women face with their own 
AIDS illness because they also serve as caretakers to their male partners or 
children with the disease (Rosser 1994). 
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Impact upon Curriculum and Research 

Part of the impetus initiating the women’s health movement was women’s 
desire to have access to information about their physiology and anatomy as 
part of the need to control their own bodies. In an attempt to respond to that 
desire, women’s health courses sprang up in women’s studies, nursing, soci¬ 
ology, and a variety of places in the curriculum, beginning in the early 1970s. 

Once understanding began to emerge about the pervasiveness of women’s 
exclusion from research designs and curricula and the bias that exclusion in¬ 
troduces into research, teaching, and practice, women became a new focal 
point for research and curricula. A substantial group of investigators, lectur¬ 
ers, and practitioners committed their efforts and careers to studying women. 
These individuals designed experiments that not only included women as ex¬ 
perimental subjects but for which women’s health, diseases, and issues also 
served as the central topic of study. The topics led to the development of ex¬ 
perimental methods particularly appropriate for the female body and life 
cycle and the experiences of women. Understanding also grew that race 
and class were interlocked with gender in the health and disease of women 
and that these issues must be integrated into research design, teaching, and 
practice. In many respects, this awareness represents the current phase of 
research on women’s health. The Women’s Health Initiative and other studies 
are collecting data on cardiovascular diseases, using the female body as the 
norm. 

The ultimate goal is to integrate the information on women’s health into 
research in all specialties and to transform all aspects of the health curriculum 
to include women and their health. This would aid other disciplines and spe¬ 
cialties in understanding the importance of including women in research and 
teaching while simultaneously providing trained specialists to undertake more 
focused research in this interdisciplinary field. 


Diversities among Women 

Demographic projections reveal that the current racial “minorities” will soon 
constitute the majority of the U.S. population; as the baby boom generation 
ages, the elderly population, predominantly female, will increase dramati¬ 
cally. Research on health of lesbians, women of color, women from non-U.S. 
cultures/countries, and elderly women has remained underfunded, under- 
studied, and overlooked (Rosser 1994). Disabled women remain largely in¬ 
visible to both the U.S. population at large and the health research agenda in 
particular. To rectify this dearth of research and avoid problems from failing 
to consider the comprehensive health of the majority of U.S. women, research 
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and needs of diverse women must become a central focus of women’s health 
education. 

Racism intertwines with sexism and economics to move health care issues 
for women of color to the far margins or to move them entirely out of the 
national agenda for clinical research. Gender and color doubly remove these 
women from the White male, from whose perspective the research agenda 
is formulated and whose body serves as the norm from which deviations are 
calculated. When included, women of color too often become misused as sub¬ 
jects in experiments that either lend credence to racial stereotypes or fail to 
distinguish true health problems among races. 

Many of the health and disease concerns of women of color overlap with 
those of White women, which have only recently begun to be a focus of the 
national research agenda—with the establishment of the Office of Women’s 
Health Research in 1990. Women of color also face many of the same prob¬ 
lems with health and disease as do the men of their racial and ethnic groups. 
Men of color have not shared the central spotlight for research with White men. 
The Office for Minority Health Affairs was not established until 1991- 

Racism and sexism have combined to severely limit advances in health care 
for women of color. The dearth of research in general and the often delimi- 
tative nature of this research have yielded only meager, and in many cases 
unreliable, data regarding frequency and cause of diseases, exacerbation of ill¬ 
ness by environmental factors, and effective treatments for promoting health 
and preventing disease in women of color. Some complications of racism and 
sexism have effectively invalidated such research in the past. A major prob¬ 
lem has been that the phrase “women of color” is too often taken to mean a 
coherent group when in fact it includes women of extremely diverse racial 
and ethnic backgrounds who are not closely related to each other genetically 
or culturally. They may, therefore, differ more from each other than they do 
from White women. Another controversy focuses on the appropriateness and 
reliability of undertaking race-based research, diagnosis, and treatment, since 
race is not a biological category. Considerable diversity exists within each 
group. For example, Asians and Pacific Islanders in the United States include 
more than 25 subgroups—Chinese, Filipinos, Japanese, Indians, Koreans, Viet¬ 
namese, Hawaiians, Samoans, Guamanians, Burmese, Cambodians, Laotians, 
Thais, and others. Although they share an origin in Asia and the Pacific Islands, 
they have different cultures, languages, and probably gene pools. Since many 
of the Asians and Pacific Islanders in the United States today are first-generation 
immigrants, virtually no baseline data exist on the health of these women. 
Less explicable is the fact that even for those whose ancestors immigrated to 
this country more than a century ago, only limited baseline data exist. 

The Hispanic population also does not represent a homogeneous ethnic 
group. Mexican Americans, Puerto Ricans, Cubans, and individuals from 16 


www.abc-clio.com 


ABC-CLIO 


1-800-368-6868 


414 Women, Science, and Myth 


other Latin American countries and Spain speak Spanish but have their origins 
in very different cultures and countries. Since many Chicanas and those from 
other Latin American cultures are also first-generation Americans, there is little 
history of research and few baseline data for Hispanic women, either. 

For American Indian and Alaskan Native women—the first female Ameri¬ 
cans, predating not only White women but also White men—short tenure in 
the United States cannot be used to explain the absence of research (and their 
poor health). Similarly, the African American population, originally transported 
to the United States against its will, is the oldest and most stable nonindige- 
nous minority group. Yet little good research has explored Black women’s 
health, even though in many ways Black women are the most vulnerable of 
all minority women. For example, the breast cancer rates for African American 
women are lower than for White women but higher than for Latinas. How¬ 
ever, five-year survival rates are lower and death rates are higher for African 
American women than for either White women or Latinas with breast cancer. 
Some of the reasons for these statistics are that African American women have 
higher rates of poverty, are more likely to be diagnosed later, and are often 
undertreated when compared to their White and Latina counterparts (Kasper 
2000). Inclusion of social, psychological, and public health perspectives are 
needed for a more comprehensive research base to also explore why poor 
women and women of color have higher death rates from breast cancer. Epi¬ 
demiological approaches include these perspectives; they reveal factors im¬ 
portant for disease prevention. Because the poor, in general, have a 20 to 25 
percent lower cancer survival rate regardless of race, research that relies on 
biology alone and ignores socioeconomic factors will be unlikely to uncover 
the best way to remove this survival differential. Interdisciplinary approaches, 
including coupling methods from the social sciences with those of biomedi¬ 
cine, may tease apart the relative effects of more exposure to workplace and 
environmental carcinogens and less access to high-quality medical care, nu¬ 
tritious food, and decent living conditions on the higher incidence and lower 
survival rates experienced by African Americans with regard to breast cancer. 

In the rare cases where women of color have been the focus of research, 
at best the results have yielded little or inadequate information about health 
and disease processes. At worst, the women have served as guinea pigs for 
clinical trials of unsafe drugs, such as the use of Puerto Rican women for test¬ 
ing birth control pills without informed consent or for experiments to docu¬ 
ment possible biological bases for social ills. Studies have revealed that Black 
women are almost 10 times more likely to be tested and reported for drug use 
during pregnancy than White women, and 80 percent of cases brought against 
women for drug use during pregnancy have been against women of color 
(Pattrow 1990). This research illuminated the overall health of pregnant women 
of color, who may avoid prenatal care if they use drugs or alcohol. Researchers 
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agree that it is safer for a baby to be born to a drug-abusing, anemic, or di¬ 
abetic mother who visits the doctor than to be born to a “normal” women 
who does not (Pattrow 1990). Access to health care may be defined as the con¬ 
trolling factor for health and disease in the lives of minority women. 

As women and as nonheterosexuals, lesbians are doubly distanced from the 
heterosexual male norm focus of health research and care. When lesbians are 
recognized, they are often subsumed as a subset of women or homosexuals, 
where heterosexual females or homosexual males become the respective 
norms against which lesbians are measured. The implicit assumptions under¬ 
lying this failure to recognize the health care issues of lesbians are that lesbians 
do not exist, that they have precisely the same health care issues as hetero¬ 
sexual females, or in rare cases that they share the same health care issues as 
male homosexuals. 

Ignoring or lumping together lesbian health care issues becomes exacer¬ 
bated by homophobia among health care professionals. Not only does homo¬ 
phobia discourage lesbians from seeking necessary health care, but it also 
prevents health care workers from tying appropriate diagnoses and treatments 
to risk behaviors. 

Until the Women’s Health Initiative, very little research on women’s meno¬ 
pausal experience existed. As the baby boom generation ages, the pharma¬ 
ceutical companies have developed an extreme interest in capturing the market 
of consuming women approaching menopause. These companies redefined 
menopause as a disease that required hormones to cure it and made large 
amounts of money by selling hormone replacement therapy (HRT) to women 
before, during, and after menopause. 

Until the Women’s Health Initiative, very little research compared the health 
of menopausal women who took HRT with those who did not take HRT. 
With the revelation that hormone replacement therapy did not prevent heart 
disease or Alzheimer’s but increased the risk of stroke, blood clots, breast 
cancer, and incontinence, over 6 million women stopped taking hormones 
and demanded to know more about the research and policies that had en¬ 
couraged them to do so (Pearson 2006). A primary reason that little compar¬ 
ative research had been undertaken was the general dearth of research on 
menopausal women. 

For elderly women, a recognized clinical specialty, gerontology, should 
address some of their health needs. Gerontology remains a relatively new, 
emerging field without a clear research agenda. It has already demonstrated 
androcentrism by excluding women from its most comprehensive longitudinal 
study; the Baltimore Longitudinal Study on Aging, the largest longitudinal study 
to assess the geriatric population, was begun in 1958 and included no women 
subjects for the first 20 years (Johnson 1992). This omission delayed the dis¬ 
covery of the link among osteoporosis, calcium, estrogen, and progesterone. 
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An elderly woman receives medical treatment. (Corel) 


Recent census data projections completed by the Administration on Aging 
underscore the dramatic increase in the elderly population in the United States. 
In 2030, one fifth of the total population will be 65 or older; the number of 
women 85 and older was 2.3 million in 2000 and is expected to reach 6.3 mil¬ 
lion by 2030, since women reaching 65 have an average additional life ex¬ 
pectancy of 19.5 years. Elderly women outnumber elderly men by a ratio of 2:1. 
Because women live longer than men, they accumulate more acute, chronic 
diseases that tend to result in greater disability before death and greater out-of- 
pocket expenses than do the acute illnesses suffered more commonly by men. 
Women’s greater longevity also means that most women who serve as care¬ 
takers for a spouse when his health fails must rely on the support of health 
services, extended family, and friends during their own health care crises. 

This information strongly suggests that elderly women will become an 
increasingly significant proportion of the population who will need a dispro¬ 
portionately large amount of health care. Research on diseases; maintenance 
of health and well-being; and successful, cost-efficient health care practices 
appropriate for elderly women should be accorded high priority on the na¬ 
tional health care agenda. 

Although women with disabilities typically differ from their able-bodied 
sisters because of mental or physical health issues that may lead them to fre¬ 
quent encounters with the health care system, in many ways they remain the 
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most marginalized and invisible of women. In most ways, the issues of dis¬ 
abled women overlap with those of nondisabled women. Excluded as research 
subjects, absent from clinical trials of drugs, compared with male norms, and 
out of central focus for research agendas are all descriptors for both disabled 
and nondisabled women concerning their health issues. Many women with 
disabilities are also women of color, lesbians, and/or elderly. 

For many disabled women, issues of access, poverty, and environment be¬ 
come especially significant. Because of the relatively small numbers of women 
experiencing a particular disability, coupled with different manifestations of 
the disability, garnering research attention and funding may be especially dif¬ 
ficult and acute. In addition to the bias, ignoring, overlooking, and understudy 
of health issues faced by all women, disabled women experience additional, 
different issues. Disabled women are compared not only to the male norm but 
also to the nondisabled female norm. 

Women’s health has experienced many successes over the last three decades, 
making it a major component of the current public agenda. Resources for re¬ 
search in women’s health have multiplied, and with these successes have 
come increased competition and co-optation by those who are primarily in¬ 
terested in controlling women’s health in their own interests. With women 
now the majority of medical students, the possibility opens for increasing in¬ 
fluence of women on health care delivery and practice. Whether prevailing 
ideas about gender roles and who can and should do science will allow women 
to control the research agenda in health remains an open question. Health 
care delivery and research to understand what works to maintain health and 
prevent disease appear to return control of health to the pre-19th-century sit¬ 
uation when women controlled health. Today, of course, business forces in 
the form of insurance and pharmaceutical industries, controlled primarily by 
men, now dominate the health care industry. {See also Women’s Health Move¬ 
ment; Medicine) 
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Science Fiction 


Lisa Yasek 


Women write science fiction (SF) for many reasons: to dramatize scientific 
theories, to explore the development of new technologies, and even to spec¬ 
ulate about the future of social and political relations. Indeed, this latter rea¬ 
son is often the most pressing of all. Americans have long treated sex and 
gender as immutable categories arising from natural laws. These categories 
seem to justify a division of labor that equates women’s work with house¬ 
keeping and family maintenance and men’s work with economic and political 
activity. Although such equations acknowledge the centrality of feminine la¬ 
bor to modern society, especially in the private sphere of the home, they ex¬ 
clude women from key areas of influence in the public sphere and thus the 
creation of those narratives used to justify contemporary social and political 
arrangements. Writing SF enables women to imaginatively intervene in these 
arrangements. More specifically, it enables women to critically assess “com- 
monsense” understandings of sex and gender while imagining new and more 
egalitarian futures grounded in their own experience of the world. Therefore, 
it is not surprising that the history of women’s writing about sex and gender 
in SF parallels the history of American feminism itself. 

This history begins with the Seneca Falls Convention of 1848, where Amer¬ 
ican women lodged their first formal protests again taxation without repre¬ 
sentation. The “first wave” of feminist activity inspired by this convention 
culminated in 1920 with the passage of the Nineteenth Amendment, which 
guaranteed the right to vote for all Americans. Throughout this period, women 
generally used one of two strategies to argue for universal suffrage. Activists 
allied with the conservative Woman Movement invoked the rhetoric of “re¬ 
publican motherhood” to propose that women, with their innate morality and 
special talent for domestic organization, were ideally suited to political service 
as “municipal housekeepers.” Meanwhile, liberal-to-radical feminists lobbied 
political leaders to embrace democracy, reject sexual stereotypes, and grant 
the vote to all people. Whether they emphasized women’s duties or women’s 
rights, first-wave feminists made their arguments for political equality by 
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challenging simple distinctions between women’s work in the private home 
and men’s work in the public sphere. 

Women writing utopian fiction at this time incorporated both aspects of first- 
wave feminism into their storytelling. This is particularly apparent in Mary E. 
Bradley Lane’s Mizora: A Prophecy (1881) and Charlotte Perkins Gilman’s 
Herland (1915), both of which depict single-sex societies organized around 
mothering, homemaking, and community building. The women of Mi zora 
and Herland enjoy unprecedented standards of living because they apply the 
principles of municipal housekeeping on the widest scale possible, abolish¬ 
ing the distinction between the public and private spheres and treating the 
entire nation as one family. Significantly, these utopian heroines are also 
scientists who make fantastic advances in psychology and genetics as well as 
engineers who transform their arctic and jungle homes into fertile paradises. 
Thus, Lane and Gilman combined the differing feminist ideals of their time 
to illustrate how women who traverse the private and public spheres might 
initiate the next stage of human evolution. 

Utopian dreams also permeate the first generation of women’s SF stories. 
SF emerged as a distinct genre with its own readers, writers, and publications 
in the 1920s, 1930s, and early 1940s. Although speculation about the future of 
science and technology was perceived to be a masculine activity, the dozens 
of women who helped establish SF used their chosen genre to speculate 
about the future of sex and gender as well. Such authors generally connected 
women’s liberation to science and technology. For example, the protagonists 
of Lilith Lorraine’s “Into the 28th Century” (1930) enjoy labor-free banquets of 
jeweled food flakes and sparking beverages, while the women of Leslie F. 
Stone’s “Women with Wings” (1930) delegate housework to autonomous 
robots. Meanwhile, in Sophie Wenzel Ellis’s “Creatures of the Light” (1930), the 
dangers of childbirth are eliminated by the perfection of glass wombs, and 
in Stone’s “Men with Wings” (1929) women are free to pursue careers outside 
the home because children are raised by trained professionals. Much like 
Lane and Gilman before them, early women SF authors made feminist ideas 
about women’s work central to their storytelling practices. However, while 
pre-suffrage authors used these ideas to illustrate why women deserved the 
vote, their post-suffrage counterparts used them to remind readers that political 
reform must be accompanied by scientific and social reform as well. 

The period from 1945 to 1966 was one of transition for women in both 
politics and SF. Initially, cold war politicians glorified women as “domestic 
patriots” who could best serve their country through housekeeping and child 
rearing in the suburbs. This new gender role was justified by the rhetoric of 
“the feminine mystique,” which suggested that women were naturally evolved 
to choose family over career. But by the late 1950s, new government agencies 
including the National Manpower Council and the National Aeronautics and 
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Space Administration (NASA) argued that the United States could not win 
the space race unless it followed the Soviet practice of training women for 
careers in math and science. The real domestic patriots, then, were those 
women who sacrificed hearth and home—at least for a while—to join the 
workforce and help ensure worldwide democracy. 

Meanwhile, women in the postwar SF community proposed that women’s 
domestic lives might be inspiration for, rather than impediments to, scientific 
and political progress. The stories written by these authors tend to fall in one 
of two broad categories. Some equated the forced choice between family 
and career with disaster. For example, in Marion Zimmer Bradley’s “The Wind 
People” (1959), a medical officer is abandoned on an isolated planet with her 
newborn son after refusing to euthanize him and return to service; this choice 
saves her child but leads Bradley’s protagonist to madness and death. Mean¬ 
while, in Judith Merril’s “Dead Center” (1954), Earth Space Agency officials 
replace their veteran female rocket designer with an inexperienced male en¬ 
gineer. This choice initiates a string of tragedies including the death of the 
designer’s astronaut husband and six-year-old son, the designer’s subsequent 
suicide, and the end of Earth’s space program. 

SF authors also imagined women might combine their professional and 
personal lives in startling new ways. Stories in this vein include Katherine 
MacLean’s “And Be Merry . . .” (1950), in which a scientist unlocks the secret 
of immortality in her kitchen-turned-laboratory; Merril’s “Daughters of Earth” 
(1952), in which the death of their husbands inspires two generations of space- 
faring women to develop new exploration techniques; and Doris Pitkin Buck’s 
“Birth of a Gardner” (1961), in which a bad marriage inspires yet another 
woman to perfect multidimensional travel. In all these tales women are com¬ 
passionate and consummate professionals who lead their people to the stars. 

Such stories anticipated both the revival of American feminism and the 
emergence of an overtly feminist SF in the late 1960s and 1970s. Extending 
the efforts of their first-wave predecessors, second-wave feminists challenged 
simple equations between femininity and domesticity as they sought to en¬ 
sure equal rights for women in all areas of public life. New political groups 
such as the National Organization for Women (NOW) were instrumental in 
this respect. Such groups worked to enforce laws derived from the Civil Rights 
Act of 1964, which guaranteed equal access to jobs regardless of race or gen¬ 
der. At the same time, they lobbied for new legislation such as Title IX of the 
Education Amendment Acts of 1972, which banned sex discrimination in all 
federally funded education programs. 

Second-wave feminists also set out to reform gender relations in the private 
sphere. Many formed consciousness-raising groups where women could pro¬ 
ductively channel anger with the patriarchal status quo into new plans for 
their daily lives. Others imagined new programs by which women might re- 
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Author and feminist Marge Piercy. 
(Robert Shapiro/Library of Congress) 



organize the entire world. For example, radical feminist Shulamith Firestone 
proposed that cultural patriarchy stems from the biological dependency women 
experience during pregnancy, childbirth, and child rearing. To end their op¬ 
pression, she argued, women must seize the means of reproduction and de¬ 
velop new modes of technologically enhanced propagation. Only then could 
women and men alike explore new gender roles and develop new social and 
political relations. 

Firestone’s vision powerfully influenced feminist SF. Some authors, such as 
Ursula K. Le Guin in The Left Hand of Darkness (1969), used anthropology 
and sociology to demonstrate how androgynous cultures might distribute child¬ 
bearing responsibilities and thus power relations more equitably. Others, like 
Marge Piercy in Woman on the Edge of Time (1976) and Joanna Russ in The 
Female Man (1975), looked to new reproductive technosciences instead. In 
Piercy’s novel, babies gestate in mechanical wombs while both men and 
women use hormone therapy to produce breast milk and experience mother¬ 
ing. Meanwhile, the technosciences of Russ’s single-sex utopia liberate women 
to engage in activities ranging from farming to dueling. Much like the utopian 
writers who preceded them, feminist SF authors challenged conventional 
ideas about gender by doing away with distinctions between the public and 
private spheres. Rather than telling stories about saintly, super-feminine hero¬ 
ines, however, this new generation of writers told stories about flawed pro¬ 
tagonists who were distinctly human. 

Feminist authors also used SF to express the anger that women felt when 
they were denied equality. In both Piercy’s and Russ’s novels, individual char- 
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acters gladly turn the weapons of science against patriarchy to ensure the cre¬ 
ation of better worlds, even at the cost of their own lives. In other stories, 
entire societies of women are defined by their anger. This is particularly ap¬ 
parent in Suzy McKee Charnas’s Holdfast series (1974—1999), where women 
must literally fight men to prevent their own enslavement. And finally, still 
other novelists displaced women’s anger onto the feminized body of the earth 
itself. In Sally Miller Gearhart’s Wanderground: Stories of the Hill Women 
(1980), women roam the world in perfect harmony with nature while men 
retreat to walled cities because technology no longer works on open ground. 
By imagining worlds where women turn science against men, transforming 
it for their own political ends and abandoning it when it no longer works 
for them, feminist SF authors dramatize the different strategies that political 
activists used to combat the patriarchal status quo. 

While the quest for sex and gender equality continues today, the develop¬ 
ment of new information and communication technologies and the advent 
of global capitalism have brought new issues to the attention of activists and 
authors. In contrast to earlier feminists who saw science as one locus of dis¬ 
crimination among many, the third-wave feminists who first emerged in the 
1980s propose that thinking carefully about the relations of science, society, 
and gender should be a central priority for all women. Led by science histo¬ 
rian Donna Haraway and U.S. Third World scholar Chela Sandoval, contem¬ 
porary feminists insist that we must recognize not just that new sciences and 
technologies have transformed women’s lives but also that women experi¬ 
ence what Haraway calls the “integrated circuit” of capitalism differently based 
on economic, racial, and national distinctions. 

Other feminist science studies scholars including Evelyn Fox Keller, Hilary 
Rose, and Sandra Harding propose that progressive people might transform 
the relations of science, society, and gender more effectively by exploring the 
impact of patriarchal values on science itself. To overcome masculinist bias 
in science, feminists must recover the scientific practices of women and other 
people who have been left out of history, and they must identify the gendered 
metaphors that structure scientific thinking and writing. Finally, scientists 
themselves must practice what Harding calls “standpoint epistemology” by 
acknowledging how their social positions influence their practices. Taken to¬ 
gether, these analytic activities might make science more truly objective by 
accounting for all the different factors informing it. 

Insights derived from feminist science studies are central to the imaginative 
practices of contemporary SF authors. For example, feminist writers often use 
the SF subgenre of cyberpunk to dramatize the gendered implications of life 
in the integrated circuit of high-tech capitalism. Novels including Pat Cadigan’s 
Synners (1991) and Melissa Scott’s Trouble and Her Friends (1994) predict 
that the dream of a future in which people use new technologies to escape 
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the messy problems of the material world will eventually trigger information 
apocalypse and social destruction. But these authors also imagine that people 
who recognize why bodies still matter in the world of computation might 
transform bad futures into better ones where women can pursue satisfying 
politics, work, and even romance. 

Like their cyberpunk counterparts, feminist writers of color intervene in 
contemporary narratives of science, society, and gender in provocative ways. 
This is particularly true of African American author Octavia E. Butler. Nearly 
every story Butler published between her literary debut in 1976 and her death 
in 2006 uses the classic SF theme of “the encounter with the alien other” to 
complicate readers’ thinking about science, technology, and the racial other. 
Most notably, “Blood Child” (1984) and the Xenogenesis trilogy (1987-1998) 
imagine that humans and aliens might use science and technology to breed 
the new, hybrid races that are both species’ only hope for survival. Signifi¬ 
cantly, the offspring of these new races experience both sadness about the 
passing of old ways and anxiety about their uncertain futures. And yet Butler’s 
stories are ultimately imbued with great hope because her characters look 
forward to truly new futures that do not simply repeat the past but come with 
challenges and triumphs all their own. 

Finally, women writing postmodern SF critique the Eurocentric, patriarchal 
bias inherent in science as it is currently practiced while retaining an overall 
faith in the possibility of progress. This is particularly apparent in Marge Piercy’s 
He, She, and It (1991), which follows three generations of female computer 
scientists as they strive to transform the dystopic near future in which they 
live. Whether they are corporate workers, independent scientists, or revolu¬ 
tionaries, Piercy’s protagonists remain bound together by the desire to create 
a better world for their children. Meanwhile, Caribbean-Canadian author Nalo 
Hopkinson’s Brown Girl in the Ring (1998) and The Midnight Robber (2000) 
revolve around women of color who embrace the practices of their African and 
Caribbean ancestors to better combat the deadliest aspects of Western science 
while extending its beneficial tendencies. Like their counterparts in feminist 
science studies, Piercy and Hopkinson insist that women can reform both pa¬ 
triarchal science and patriarchal society by mapping the complex and some¬ 
times contradictory interactions of power, knowledge, and love. {See also 
Discrimination; Feminist Philosophy of Science; The 19th Century; Early 20th 
Century) 
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Sue V. Rosser 


The introduction to Women, Science, and Myth discussed the interrelationship 
between gender and scientific research, including how gender and science 
have co-evolved over time. Many entries in the volume provided rich exam¬ 
ples of how notions of gender roles have shaped both who can or should do 
science as well as what questions are asked, the methods chosen for scientific 
observation, the actual data collected, and the theories and conclusions 
drawn from the data. Simultaneously, science has been used to explore and 
study gender, especially gender differences, and support social constructs of 
appropriate gender roles and behavior that may have changed over time. 

The 19th-century entry written by Narin Hassan exemplifies both how the 
gender and beliefs of who did the science determined the theories and how 
the theories themselves reinforced and shaped gender roles of the period. 
She describes how science was a domain open to the privileged “gentlemen 
of science.” She also underlines how John Stuart Mill’s arguments in “The 
Subjection of Women” (1869) suggesting that gender was largely a social cat¬ 
egory, not a biological category, spurred Charles Darwin’s strong emphasis, 
buttressed by observations from the animal kingdom, that male and female 
nature were rooted in biology in The Descent of Man (1871). Although con¬ 
troversial, Darwin’s theories of natural selection and of sexual selection were 
accepted by his contemporaries because they represented paradigms laden 
with the values of 19th-century England. Rose and Rose (1980) underline the 
congruence between the values expressed in Darwin’s theory of natural se¬ 
lection and those of the upper classes of Victorian England. “Its central meta¬ 
phors drawn from society and in their turn interacting with society were of 
the competition of species, the struggle for existence, the ecological niche, and 
the survival of the fittest” (Rose and Rose 1980, 28). These metaphors reflected 
Victorian society and were acceptable to it because they, and the “social Dar¬ 
winism” quickly derived from them, seemed to ground their norms solidly in 
a biological foundation. 
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The theory of sexual selection, demonstrated over time to be increasingly 
problematic and riddled with error, reflected and reinforced Victorian social 
norms of separate spheres regarding the sexes. What seems to have struck 
Darwin most when he observed males and females of species throughout the 
natural world was the tremendous difference between them: “how enor¬ 
mously these sometimes differ in the most important characters is known to 
every naturalist” (Darwin 1967, 424). What amazed him was that such differ¬ 
ent beings belong to the same species. When viewing the human world in the 
light of other natural realms, he was even surprised to note that even greater 
differences still had not evolved. “It is, indeed, fortunate that the law of equal 
transmission of characters to both sexes prevails with mammals; otherwise it 
is probable that man would have become as superior in mental endowment 
to woman, as the peacock is in ornamental plumage to the peahen” (Darwin 
1871, 565). 

These 19th-century examples illustrate the co-evolution of gender and sci¬ 
ence. The gender of the scientist coupled with the cultural norms of the era 
surrounding gender roles may impact the questions asked, observations and 
data collected, and theories and conclusions drawn. Concurrently, scientific 
data are used to reinforce and buttress social and cultural notions of gender. 

The co-evolution of both science and gender over time raises several ques¬ 
tions: How should we read and understand these changing myths and beliefs 
over time? Should we read this as a progressive narrative in which the role of 
women in science has steadily improved over time in a linear fashion from 
no women in science to equity today? If the role of women in science has 
increased over time, has this led to a concurrent improvement in science it¬ 
self? What role have scientific knowledge and understanding played in shap¬ 
ing changing notions of gender roles throughout the centuries? Are the findings 
of gender differences in fMRI scans, rates of depression and alcoholism, and 
scores on the visuospatial portions of the SAT really valid, or will people in 
the 23rd century laugh at these findings of 21st-century science the way we are 
amused by Aristotle’s finding fewer teeth in the mouths of women, the find¬ 
ings of craniometry, or the early 20th-century notion that the new technology 
known as the automobile could not be driven by women? 

Evaluation of changes in gender and science over a lengthy chronological 
period is difficult. Even a superficial knowledge of the history of both sug¬ 
gests that the change has been uneven, with major increases at some periods 
and less at others. Times of rapid change in scientific knowledge may or may 
not have corresponded with expansion of gender roles. For example, while 
the Renaissance fostered the flourishing of the arts, letters, and science, as Joan 
Kelly (1984) suggests, it may have diminished the roles held by women in the 
medieval period. 
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If evaluation of change over the chronological periods represented in the 
first part of this volume presents a challenge, evaluation of change in the the¬ 
matic portion of the volume is even more difficult. Different disciplines, dif¬ 
ferent types of institutions, knowledge of the brain and body, discrimination 
and leadership, critiques of science, and feminism have all influenced women’s 
participation in science, notions of gender, and science itself over time. The 
impact and influence of each has varied, depending upon and interacting 
with other factors. Does a schema or theory exist that might help to distin¬ 
guish patterns or ways to think about the co-evolution of gender and science 
both chronologically and thematically? 

Several entry authors such as Linda Fedigan, Rebecca Scheckler, and Mary 
Wyer either applied or referred to my work on phase theory in science. Al¬ 
though in the past, it typically has been applied to assess curriculum trans¬ 
formation (Rosser 1993, 1995, 1997), because it has been used to assess the 
status of a department or discipline, applying it to both the chronological and 
thematic portions of Women, Science, and Myth seemed possible. 


Phase Theory Models 

Models for gender integration grew out of projects, primarily during the 1980s 
and 1990s, for gender transformation of the curriculum. They reflected the 
idea that integrating information about women into the curriculum is a pro¬ 
cess occurring in phases. The first phase constitutes the situation in which 
women are absent from the curriculum; the gender-balanced curriculum rep¬ 
resents the final phase. 

First, the model developed by Peggy McIntosh (1984) from the Wellesley Cen¬ 
ter for Research on Women will be outlined here, using history as an example. 

Phase I. The Womanless Curriculum: This represents a traditional ap¬ 
proach to history in which the absence of women is not noted. Great 
events and men such as wars and presidents form the structure for 
the periods and presentation of history. 

Phase II. Women as an Add-on: Heroines, exceptional women, or an 
elite few who are seen to have been of benefit to culture as defined 
by the traditional (male) standards of history are included. Individuals 
such as Joan of Arc, Abigail Adams, Sojourner Truth, or Hillary Clinton 
would be stirred into historical accounts at this phase. 

Phase III. Women as a Problem, Anomaly, or Absence: At this phase, 
women are studied as victims, as deprived or defective variants of men, 
or as protestors, with critical issues. At this phase, historians begin to 
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ask why there have been no women presidents, but the categories of 
historical analysis are still derived from those who had the most power. 

Phase IV. Women as the Focus: Women become the center of focus in 
this phase, as exemplified by women’s/gender studies. The categories 
for analysis shift and become racially inclusive, multifaceted, and filled 
with variety; they demonstrate and validate plural versions of reality. 
Because women have had half of the world’s lived experience, this 
phase centers on asking what that experience has been and whether 
it should constitute half of history, forcing people to use nontradi- 
tional sources and evidence to discover that history and experience. 

Phase V Redefinition and Reconstruction to Include All: This phase rep¬ 
resents the ultimate goal of transformation. It creates more usable and 
inclusive constructs that validate a wider sample of life and demon¬ 
strate that women are both part of and alien to the dominant culture. 

It does not replace the absence of women not noted with the absence 
of men not noted. Instead, it is inclusive and reflective of the diversity 
of experiences, roles, and achievements of all people in history. 

In 1995, I modified the five-stage model that I had developed previously 
for the sciences (1993), based on the McIntosh model. The six-stage model 
that I developed for sciences follows: 

Phase I: Absence of Women Is Not Noted: Because most scientists accept 
the positivist notion that science is objective, they assume that gender 
does not influence either who becomes a scientist or the science pro¬ 
duced by scientists. They are unaware of the absence of women sci¬ 
entists, especially in the theoretical and decision-making positions of 
the scientific establishment. To the extent that they think about gen¬ 
der, they assume that science is gender neutral and could not influ¬ 
ence the theories, data collection, subjects chosen for experimentation, 
or questions asked. 

Phase II. Recognition that Most Scientists are Male and that Science May 
Reflect a Masculine Perspective: Exposure to the data collected bien¬ 
nially by the National Science Foundation or to media coverage makes 
most people aware that women are underrepresented in most scien¬ 
tific fields, particularly in the physical sciences and engineering and 
especially in the theoretical and decision-making levels of the profes¬ 
sion. Influenced by the scholarship in women’s studies, the philoso¬ 
phy and history of science, and psychology, some scientists recognize 
that gender may influence science. Accepting the work of Keller (1982), 
they realize that the absence of women from the decision-making 
levels of science has produced a science that views the world from 
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a male perspective that is represented in theories, practices, and ap¬ 
proaches reflecting a masculine approach to the natural, physical world. 

Phase III. Identification of Barriers that Prevent Women from Entering 
Science: Scientists who reach phase II and recognize that science re¬ 
flects masculine approaches to the world begin to realize that these 
approaches may constitute a barrier to women’s entering science. 
They also begin to identify other problems, such as absence of women, 
especially in leadership positions, as barriers to attracting other women. 

Phase IV. Search for Women Scientists and Their Unique Contributions: 
Often in an attempt to overcome the barriers of the large numbers of 
men and masculine approaches, scientists search for examples of role 
models and successful women scientists. Women Nobel laureates 
and outstanding examples from the history of science document that 
women have been successful in doing excellent traditional science 
despite extreme barriers. 

Phase V. Science Done by Feminists and Women: Comparison of the work 
currently done by women scientists to that done by men scientists as 
well as comparisons from the history of science reveal possible subtle 
gender differences in questions asked, approaches, and theories and 
conclusions drawn from the data. Questioning of language such as 
dominance hierarchies and explorations of behavior in different 
species undertaken by women primatologists illustrate the expansion 
and improvement of research that may result when gender becomes 
a major focus. 

Phase VI. Science Redefined and Reconstructed to Include Us All: At this 
phase, science would no longer reflect solely a masculine province, 
with the limitations imposed by that perspective, in numbers of sci¬ 
entists or in the science itself. Nor would science reflect solely a fem¬ 
inine province. Instead, science would be inclusive in terms of the 
gender distribution among scientists and awareness of the impact and 
interrelationship between gender and science. 


Application of Phase Theory to This Volume 

Can this phase theory be applied to chronological periods and the thematic 
issues described in this book? In one sense, application of phase theory re¬ 
veals a major reason for this book: to understand the co-evolution of gender 
and science. Applying the phase theory to the broad time frame from antiq¬ 
uity to the present suggests that currently we have moved beyond the stage 
where the absence of women is not noted (phase I), but have not yet reached 
phase VI of a reconstructed, inclusive science. Simplistically, it appears that we 
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are somewhere in phases II, III, IV, and V; these phases constitute the focus 
of this book. Governments, educational institutions, and individual scientists 
recognize that having most scientists as men impacts science in various ways 
(phase II); professional societies, granting agencies, and individuals seek ways 
to overcome the barriers that prevent women from entering science (phase 
III) and examples of successful women scientists and their unique contribu¬ 
tions to science (phase IV). Many believe that science done by feminists and 
women provides a significant critique to the business of science as tradition¬ 
ally done, correcting potential bias in science (phase V). 

In the United States, scientists, policy makers, government officials, and the 
general public have become aware of the absence of women in science. Media 
coverage of events such as the debates that ensued in the wake of Harvard 
President Larry Summers’s remarks and the need for increased Hl-B visas to 
fill the shortage in the technologically and scientifically trained American 
workforce in the wake of September 11, 2001, have helped to create this 
awareness. This awareness creates a demand for books such as Women, Sci¬ 
ence, and Myth that include information about how the problem might be 
solved. 

Internationally, many countries, especially in Western Europe and Japan, 
have few women in science and engineering. As Table 7 in the appendix 
shows, Great Britain, Germany, Sweden, and Japan have even smaller per¬ 
centages of women participating in the science and engineering workforce 
than does the United States. Ironically, many of the countries considered more 
traditional regarding gender roles such as Israel, Italy, and Spain have higher 
percentages of women scientists and engineers. These data raise the very in¬ 
teresting question of whether more barriers exist (phase III) for women in 
science and technology in countries where science and technology provide 
keys to economic leadership. Does science become more of a masculine 
province in such countries? Are women scientists making more and unique 
contributions (phases IV and V) in the countries with more traditional gen¬ 
der roles? 

Just as international data provide a backdrop that surprises and makes in¬ 
terpretation of the U.S. data more complex, examination of specific periods 
in history suggests that often proportionally fewer women appear to be in 
science at a later date than in earlier periods. For example, more women ap¬ 
peared to “do” what was defined as “science” in the medieval period than in 
the Renaissance. In the United States, the early 20th century had a higher per¬ 
centage of women scientists than did the 1950s (see Table 5 in the appendix). 
A decrease in women scientists often occurs when a major change or para¬ 
digm shift in science itself happens; this was the case during the Renaissance 
when rebirth led to the beginnings of experimentation and dissection, as well 
as after World War II with the rise of the military-industrial complex and “big 
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science.” These examples suggest that “fits and starts,” rather than linear in¬ 
creases, illustrate the progress of women in science chronologically. 

Application of phase theory to the thematic subjects discussed in this vol¬ 
ume reveals even more variety than its application to the chronological his¬ 
torical portions. 

Using the phase theory as a lens through which to examine different dis¬ 
ciplines both for percentages of women scientists and for the integration of 
gender into the research of the discipline itself exemplifies this variety. 

Disciplines such as psychology and biology currently have large percent¬ 
ages of women. As Table 5 documents, 67 percent of the Ph.D. degrees in 
psychology now go to women; women received 44 percent of the Ph.D.s in 
biological and agricultural sciences in 2000-2004 (phase V or even VI). How¬ 
ever, examination of the higher ranks and leadership positions (see Table 8) 
in those disciplines reveals continued domination by men, suggesting some 
continuing barriers (phase III). 

Because of their focus on living beings and humans, the relevance of gen¬ 
der to biology and psychology was not questioned. In psychology, as in so¬ 
ciology, political science, and other social sciences, much early research did 
include gender as a variable. Emphasis on gender differences research re¬ 
sulted in women being cast as deviant from the norm, an anomaly, or a 
problem because of the assumption of the male as the norm. Although the 
psychology of women emerged as a significant field of study in the 1960s 
(phase V), substantial portions of experimental psychology and neuroscience 
still ignore gender or consider only gender differences research. 

Linda Fedigan’s entry chronicles very well the integration and transfor¬ 
mation of gender into primatology; the situation in many of the biological 
sciences parallels that transformation from phase I to phase V. Similarly, in 
the health sciences, the Women’s Health Initiative illustrates a clear recogni¬ 
tion of the need to rectify the masculine perspective and focus on women. 
The April 2001 Institute of Medicine publication, Exploring the Biological Con¬ 
tributions to Human Health: Does Sex Matter? (Wizemann and Pardue 2001), 
validated the study of basic biologic and molecular bases for sex and gender 
difference in disease, including “sex-based biology as an integral part” of re¬ 
search conducted by the National Institutes of Health. 

In the physical sciences and engineering, women scientists lag in parity 
with their male peers. Although the percentages of women obtaining degrees 
in chemistry, geosciences, and astronomy has increased substantially since 
the 1960s (see Tables 3-5), as discussed in the entries on those disciplines, 
barriers remain to translation of these percentages into the workforce, partic¬ 
ularly at high-level and decision-making positions (phase III). In engineering, 
the percentages of women have remained relatively flat for more than a 
decade. In computer science, the percentages dropped precipitously after 
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their mid-1980s peak; beginning in 2001, the percentages of women in com¬ 
puter science in developed countries have plummeted further. Currently, 
considerable time, money, effort, and discussion center on how to remove 
barriers to attract and retain women in the physical sciences and technology 
(phase III). 

Most physical scientists and engineers remain at phase I when considering 
whether gender might impact physical science or technology itself. Unaware 
of the work of historians described by Amy Bix and Barbara Whitten in their 
entries on technology and physics/astronomy, they assume that gender im¬ 
pacts neither questions asked, data gathered, or conclusions drawn in the 
physical sciences nor the design or use of technology. 

Institutions also fall at a variety of phases along the process of gender in¬ 
tegration. Most educational institutions moved through several phases during 
the 1980s and 1990s to recognize barriers to women in science and engineering. 
Many universities have women in science and engineering (WISE) programs 
or other supports to lower barriers (phase III). Working with women’s studies, 
some science faculty have explored feminist critiques of science (phase V). 
Through National Science Foundation (NSF) ADVANCE funding, some have 
attempted institutional transformation to reconstruct the institution as more in¬ 
clusive. 

The official position of most government agencies toward the science and 
engineering workforce centers on promoting equity and lowering barriers to 
participation (phase III). NSF, through ADVANCE and NIH, through its gen¬ 
der-based medicine approaches, promote efforts at the level of phase V with 
the goal of reaching phase VI. 

As Suzanne Brainard underlines in her entry on industry, legislative changes 
in the 1970s forced most corporations to begin to remove barriers to level the 
playing field for women (phase III). Discrimination law passed through a se¬ 
ries of changes that parallel phase theory in its attempts to achieve racial and 
gender integration of the workforce. In the 21st century, some of these gains 
have been challenged, resulting in prohibitions on gender or racial preferences 
in contracts, hiring, and even college admissions. 

The most prestigious scientific and technological professional societies re¬ 
main male provinces (phase II). As Joyce Tang points out, only 3 percent of 
the Nobel Prizes in science or medicine have gone to women. Although the 
National Academies in the United States have issued reports about bias and 
barriers to women (phase III), women still constitute only about 10 percent 
of their members in 2007 (phase II). Muriel Lederman underlines the conver¬ 
gence of science and religion in her entry. Conservative institutions, such as 
the Catholic and evangelical Protestant churches that fight against current sci¬ 
entific advances such as stem cell research and evolutionary theory, also ad¬ 
vocate limited roles for women, excluding them as priests and scientists. 
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Most of the entries that focused on biological or psychological processes 
such as the cognitive abilities, menstruation/menopause/PMS, or nature/ 
nurture reveal subtle differences in questions asked, approaches, and theo¬ 
ries and conclusions drawn from the data when gender becomes the central 
focus (phase V). Many of the critiques such as Marxist/socialist, postcolonial, 
or science fiction reveal other social factors that, when coupled with gender, 
may distort or bias science (phase II). Feminist critiques such as ecofeminism, 
cyberfeminism, and feminist science studies compare the research done by 
feminists to that done by traditional male scientists and engineers to reveal 
biases and to improve science for the benefit of all (phase V). 

In sum, application of phase theory to both the chronological and thematic 
entries in Women, Science, and Myth underlines the dynamic nature of the 
co-evolution of gender and science. While the absence of women from sci¬ 
ence has certainly been noted, full integration of women, particularly in the 
physical sciences and engineering, has definitely not yet occurred. Critiques 
of science, especially feminist critiques, underscore the very obvious and more 
subtle ways that the results from scientific research buttress the social status 
quo regarding gender roles. 
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Appendix of Statistical Tables 


Table 1. Percentage of Public High School Graduates Taking 
Selected Mathematics and Sciences in 2000 


Courses 

Women 

Men 

Any Math 

99.9 

99.8 

Algebra I 

63.4 

60.0 

Geometry 

81.4 

74.9 

Algebra II 

70.5 

64.8 

Trigonometry 

7.7 

7.3 

Analysis/Pre-Calculus 

27.9 

25.4 

Stats/Probability 

5.6 

5.8 

Calculus 

11.1 

12.2 

AP Calculus 

7.3 

8.5 

Any Science 

99.7 

99.3 

Biology 

93.3 

89.0 

AP/Honors Biology 

18.5 

13.8 

Chemistry 

65.7 

58.0 

AP/Honors Chemistry 

5.7 

5.8 

Physics 

29.0 

34.2 

AP/Honors Physics 

2.5 

5.4 

Engineering 

3.5 

4.3 

Astronomy 

2.6 

3.0 

Geo/Earth Sciences 

16.6 

18.4 


Source: Data excerpted from Commission on Professionals in Sci¬ 
ence and Technology (CPST). Professional Women and Minorities: 
A Total Human Resources Data Compendium. 16th ed. Washing¬ 
ton, DC: CPST, 2006, Table 1-11, p. 14. 
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Table 2. SAT Score Averages by Sex for College-Bound Seniors 


Year 

Verbal 

Math 

Women 

Men 

Women 

Men 

1975 

509 

515 

479 

518 

1980 

498 

506 

473 

515 

1985 

503 

514 

480 

522 

1990 

496 

505 

483 

521 

1995 

502 

505 

490 

525 

2000 

504 

507 

498 

533 

2005 

505 

513 

504 

538 


Source: Data excerpted from Commission on Professionals in Science and Technology 
(CPST). Professional Women and Minorities: A Total Human Resources Data Compendium. 
16th ed. Washington, DC: CPST, 2006, Table 1-13, p. 16. 
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Table 7. Percentage of Women Obtaining Doctoral Degrees by Continent and for Selected Countries by Field 2002 or Most Recent Year 

All Physical/ Math/ 

All Nonscience & Science & Biological Computer AgriculturalSociology/ 

Continent/Country Fields Engineering Engineering Sciences Science Sciences Behavioral Engineering 
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Glossary 


actor network theory 

idea originating in science studies that the people, equipment, ideas, and in¬ 
stitution all influence and cannot be separated from scientific experiments and 
theories with which they are involved 

ADVANCE 

National Science Foundation (NSF) grant initiative begun in 2001 for institu¬ 
tional transformation to encourage women to attain academic leadership 
positions in science and engineering 

agency 

the capacity to make choices, often linked to stereotypes of masculinity char¬ 
acterized as focused on a concern about one’s own interests and success 

agoraphobia 

anxiety disorder consisting of the fear of experiencing an embarrassing situ¬ 
ation that can’t be escaped that leads to fear of going out of the house, par¬ 
ticularly into crowded, unknown places 

alchemy 

an early form of the investigation of nature and an early philosophical and 
spiritual discipline that combined elements of chemistry, metallurgy, physics, 
medicine, astrology, semiotics, and art; mystical and cultlike traditions often 
surrounded it 

androcentrism 

worldview that is male-centered, or focused on using the male as the norm 

androgen insensitivity (testicular feminization) 

set of disorders of sexual differentiation resulting from mutations of the gene 
encoding the androgen receptor; mostly individuals who are genetic males 


www.abc-clio.com 


445 

ABC-CLIO 


1-800-368-6868 


446 Glossary 


(XY) with testes but who develop female genitalia due to failure to respond 
to testosterone 

antinepotism 

descriptive of rules that forbid employment of spouses or family members in 
the same department, unit, university, government agency, or corporation 

apothegm 

a terse, witty, instructive saying; a maxim 

attributional style 

refers to how people explain the events of their lives; whether individuals 
tend to blame themselves or others for events that happen 

autism spectrum disorders 

five pervasive developmental disorders that result in inability to relate appro¬ 
priately in social interactions or to communicate properly and result in re¬ 
stricted, repetitive, and stereotyped behavioral patterns 

auxiliary assumptions 

connections made by researchers to propose theories when the experimental 
evidence is lacking 

avatars 

virtual identity or representation that individuals use as their representations 
when on the Internet 

aversion therapy 

psychiatric or psychological treatment in which conditioning attempts to as¬ 
sociate a stimulus with something very unpleasant or painful, so that the in¬ 
dividual turns away from the behavior—for example, shocking a person when 
he or she has a sexual desire for someone of the same sex 

“bad science” 

research that utilizes untested theories to generate inadequate evidence for 
explanations that are poorly explored 

belief 

acceptance of the truth or actuality of anything without certain proof; some¬ 
thing held to be true or actual; acceptance with or without proof or strong 
emotional feelings 
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“Big Science” 

increase in size of research groups and facilities associated with the increase 
in funding during and after World War II resulting from the rise of the military- 
industrial complex 

bioinformatics 

interdisciplinary field that combines computing with biology in ways such as 
using computers to process and analyze large DNA sequences and solve bi¬ 
ological problems 

biological determinism 

use of biological differences in anatomy, hormones, and genes among races, 
sexes, classes, and species to justify social, behavioral, and psychological 
inequalities 

biomedical 

descriptive of the practice of modern medicine founded on basic research in 
biology, chemistry, and clinical research relying on double-blind studies 

bipolar disorder 

mental disorder in which the individual alternates between periods of depres¬ 
sion and euphoria; manic-depressive illness 

Black Death 

a form of bubonic plague that arrived in Europe around 1350, spreading to 
kill about one third of the European population 

Boolean logic 

binary; everything is 0 or 1; the basis of computing 

brain imaging 

techniques to determine the structure or function of the brain that depict brain 
activity (e.g., functional magnetic resonance imaging [fMRI]) or anatomy (e.g., 
computed axial tomography [CAT scans]) that provide pictures depicting brain 
activity and anatomy 

broader impacts criterion 

one of two major criteria, the other being intellectual merit, used by review 
panels to judge whether a proposal should receive National Science Founda¬ 
tion (NSF) funding 

“Canary Girls” 

women who worked in chemical plants during World War I whose skin 
turned yellow from working with the toxic compound TNT 
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Cartesian duality 

the idea of Rene Descartes of the separation of the nonphysical mind and the 
body, with the mind being superior 

cathedral schools 

schools introduced near the beginning of the High Middle Ages open only 
to men training for the clergy, thereby excluding women from mainstream 
education 

chilly climate 

the less than encouraging climate many women experience in academia, es¬ 
pecially in science and engineering classes and professions; the term was 
coined by Bernice Sandler in the article “The Classroom Climate: A Chilly One 
for Women,” published in 1982 

Civil Rights Act of 1964 

act of Congress guarantees equal access to jobs regardless of race or gender 

COACh (Committee on the Advancement of Women Chemists) 

membership organization with programs to increase the number of women 
chemists entering and advancing through the ranks to leadership roles in 
academic chemistry departments 

co-evolution 

situation in which two or more concepts or processes change over time, with 
the interaction or change in one affecting or causing a change in the other 

cognitive neuroscience 

academic field that studies the relationship between human cognition and ac¬ 
tivities with the anatomy and functioning of the brain and nervous system 

cognitive style 

the way individuals think, perceive, and remember information 

colonial hegemony 

privilege and power of Euro-Americans over colonized people in Africa, Asia, 
and Latin America 

“common school” movement 

movement led by Horace Mann in the early 19th century that promulgated 
widespread education in tuition-free public schools 
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compliance review 

investigation by federal agency as to whether universities or other organiza¬ 
tions receiving federal funds are adhering to federal laws in a particular area 
such as antibias situations 

Comstock Act of 1873 

U.S. congressional acts that banned mailing of obscene materials, including 
information on contraception and abortion 

congenital adrenal hyperplasia (CAH) 

condition in which exposure of female fetuses to high levels of androgens 
results in masculinized external genitalia 

constructive empiricism 

a theory of scientific practice to explain the role and consequences of auxiliary 
assumptions and the role of feminist values in the construction of alternative 
hypotheses and methods 

context of justification 

circumstances in which hypotheses are tested and either falsified or confirmed 

contextual beliefs 

personal, social, cultural, and historical factors that underpin and influence 
beliefs 

contextual extrapolation 

a method used, in the absence of direct evidence, to make assumptions about 
the likelihood of a person’s participating in an event, given the social and 
cultural milieu of the historical period in which a person or event existed 

corpus callosum 

brain structure that links the left and right cerebral hemispheres of the brain 

cosmology 

quantitative study of the universe, including humanity’s place in it 

craniometry 

19th-century study of the size, weight, and shape of the skull used to provide 
biological bases for differences among races, sexes, and classes 

crystallography 

study of the crystal structure of compounds or the arrangement of atoms in 
solids 
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“Cult of Domesticity” 

also known as the Cult of True Womanhood; part of the 19th-century notion 
of separate spheres, where women were confined to the private sphere of 
home and children 

cultural imperialism 

practice of promoting, distinguishing, separating, or artificially injecting the 
culture or language of one nation onto another 

cyberpunk 

science fiction subgenre that explores the relationship between technology, 
capitalism, and society; focuses on high tech and low life 

cybersphere 

the space and power dominated by computers and software, especially the 
Internet 

Cyberutopians 

people who see the Internet and virtual space as ideal and better than real 
society 

cyborg 

an organism that has self-regulating integration of artificial and natural sys¬ 
tems; an organism with enhanced abilities due to technology 

death of nature 

phrase used by ecologist Carolyn Merchant to describe the change in con¬ 
ceptualization of nature from an active female principle to something that 
was inert and could be exploited by humans and scientists 

deconstruct 

analyze each piece and how it is put together to understand the whole better 
and to reveal the unspoken and implicit assumptions, ideas, and frameworks 
that form the basis for thought and belief 

deep ecology 

idea that all living things should have the equal right to live and flourish; hu¬ 
mans should not exploit the earth, plants, and animals for their own survival 

“deep” technology 

the theory and mathematics that underpin, determine, and structure what the 
technology can ultimately do—for example, Boolean logic for computing 
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dependence 

the capacity to make connections often linked to stereotypes of femininity, 
characterized as representing a connectedness to others 

dimorphic 

descriptive of two forms or types, such as male and female 

“dismantle the master’s house with the master’s tools” 

a phrase used by African American lesbian feminist Audre Lorde to suggest 
that approaches, new and different from the ones used in constructing some¬ 
thing, may be needed to tear it down and build a better structure 

domestic economy or domestic science 

19th-century term for home economics 

double blind study 

study in which neither the researcher nor the subject in the experiment knows 
whether the subject is receiving the drug being tested or a placebo; favored 
method for clinical testing of drugs in the United States and Western Europe 

DSM (Diagnostic and Statistical Manual of Mental Disorders ) 

handbook of the American Psychiatric Association that is the authoritative 
basis for categorization and diagnosis of mental illnesses in the United States 

dual systems approach 

suggestion of socialist feminists that gender should be placed on equal footing 
with class because patriarchy and capitalism function as mutual reinforce¬ 
ments for the place of women in society 

ecocentrism 

philosophy that recognizes the ecosphere, rather than any individual organ¬ 
ism, as the source and support of all life 

emotional decoding 

examination of the feelings that individuals ascribe to others 

endogenous 

internal or intrinsic, as opposed to exogenous, meaning external 

Enlightenment 

philosophy of the 18th century that emphasized rationality, universality, equal¬ 
ity, and objectivity 
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environmental justice 

idea that all living things should be treated in ways that allow them to thrive 
and grow; White, powerful men should not dominate 

epidemiological approaches 

statistical methods used to study the health and illness of populations; may 
reveal impact of race, gender, class, socioeconomic class, and other factors 
in addition to biomedical causes 

epistemic agency 

entity that has the authority to decide what is known and true 

epistemology 

theories of knowledge 

Equal Pay Act 

1963 law that makes it illegal to pay higher salaries to men than to women 
working in the same establishment who are performing under similar work¬ 
ing conditions 

essentialism 

philosophical view that for any entity, there is a set of characteristics, all of 
which any entity of that kind must have; notion that maleness and femaleness 
are completely biologically determined 

ethnicity 

population of humans whose members identify with each other on the basis 
of presumed ancestry; often used interchangeably with race 

eugenics 

social philosophy that advocates improvement of human hereditary traits 
through forms of intervention 

Executive Order 11246 

bans discrimination and requires federal contractors, including universities, 
to maintain affirmative actions plans to increase numbers of women and mi¬ 
norities in their workforce 

existentialism 

philosophy associated with 20th-century philosophers such as Jean Paul 
Sartre that claims individual human beings create meaning in their own lives; 
human existence is defined by free choice or a leap of faith, correlated with 
responsibility 
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feminist empiricism 

notion that scientific knowledge is social and that social beliefs and values, 
including those about gender, can and do inform legitimate science 

feminist science studies 

interdisciplinary field that emphasizes the intersections of multiple social iden¬ 
tities, practices, and processes in science, including gender, race, ethnicity, 
class, and sexualities 

first-wave feminism 

U.S. feminist movement from 1848 Seneca Falls Convention to passage of the 
Nineteenth Amendment; focused on women’s suffrage 

fMRI (functional magnetic resonance imaging) 

a type of neuroimaging that identifies sites of mental activity by increased 
blood flow in the brain 

frontal lobes 

anterior part of the cerebral hemispheres of the brain thought to be the site 
of intelligence 

gay 

originally, male homosexuals; more recently, both male homosexuals and 
many lesbians identify as gay 

gay rights movement 

political organization of homosexuals to obtain civil, legal, and religious rights 
denied them because of their sexual orientation; it arose in the late 1960s and 
early 1970s and continues through the present time 

gender 

socially constructed roles, behaviors, and expectations associated with mas¬ 
culinity and femininity; usually masculine gender is consonant with the male 
biological sex and feminine gender with that of the female biological sex, 
although this need not be so 

gender blind 

descriptive of activities undertaken and services provided without regard to 
the gender of those who participate; equally accessible to males and females 

gender discrimination 

being treated differently because of one’s perceived sex or biological makeup 
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gender neutral 

neither reveals nor implies the gender or sex of the person; neither male nor 
female, masculine nor feminine 

gender stratification 

unequal distribution of power, prestige, and property between men and 
women based on their sex; cuts across all aspects of social life and all social 
classes 

genderless 

free of gender; gender is not part of it 

gestational motherhood 

pregnancy in which the woman who carries the baby for another woman may 
or may not be the genetic mother 

GI Bill 

legislation passed by the U.S. government in 1944 that provided funds for 
veterans to receive higher education 

glass ceiling 

barrier to reaching the higher career levels, which can be seen, but not at¬ 
tained; the limitation is usually based on some form of discrimination such 
as gender or race 

hermaphrodite 

an individual with both ovaries and testes 

Hermetical tradition 

tradition from the Renaissance claiming that humans could use their bodies 
to regulate all things under their intellect 

holism 

philosopher Quine’s notion that theories of science, common sense, and phi¬ 
losophy form a dependent network 

Holy Grail 

according to Christian mythology, the dish, plate, or cup used by Jesus at the 
Last Supper, said to possess miraculous powers. The quest for the Holy Grail 
is part of the myth about King Arthur and the Knights of the Roundtable 

homophobia 

fear of homosexuality and homosexuals 
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homunculus 

“little man” that Van Leeuwenhoek claimed he had seen in each sperm cell 
using the microscope 

HRT 

hormone replacement therapy, usually either estrogen and/or progesterone, 
given to women to alleviate symptoms of menopause 

Human Genome Project 

project, funded by the National Institutes of Health, undertaken by the scien¬ 
tific community in the 1990s and completed in 2003 to sequence and map all 
of the genes in humans 

humanists 

scholars of the Renaissance who recovered and revived the ideas, practices, 
and technologies of the classical age, appropriating Greek and Latin learning 
with a focus on grammar, rhetoric, and poetics 

humors 

blood, phlegm, yellow bile, and black bile; Hippocrates, the father of medi¬ 
cine, in the fourth century BC, believed that good health was dependent on 
having a natural balance of the four humors 

hypothalamus 

part of the brain that links the nervous system to the endocrine system via 
the pituitary gland 

hysteria 

Victorian notions of women’s fragility during menstruation and links to men¬ 
tal imbalances; derived from the Greek word for uterus 

immaterial 

not embodied; not consisting of matter 

impartiality 

notion that science should be objective and value free 

industrial medicine 

study of diseases associated with particular occupations and/or workplace 
environments; initiated by Alice Hamilton in the early 20th century 
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Industrial Revolution 

shift of technological, socioeconomic, and cultural conditions from agrarian, 
rural to industry, urban-based society in the late 18th and 19th centuries in 
Western Europe and North America; led to the rise of the middle class 

intellectual property rights 

an umbrella term for legal entitlements to written and recorded media and 
inventions; determine who “owns” the income and profits resulting from the 
products when basic research is translated into drugs, technology, or other 
socially useful commodities 

intellectual sabotage 

destruction or misrepresentation of ideas, data, or research 

interlocking systems of oppression 

interactions among racism, sexism, classism, and heterosexuality that reinforce 
the power of the White, heterosexual, middle- to upper-class male; also known 
as intersectionality 

intersexual conflict 

struggles between males and females of the same species 

“invisible curriculum” 

exclusion of women’s lives, perspectives, and interests from courses and stud¬ 
ies so that the social, economic, and political power of men over women is 
reinforced in knowledge learned in a subtle manner 

IT (information technology) revolution 

profound changes in society, culture, and the way of doing business brought 
about by information technologies and their availability and utility 

kin selection 

behavior of living beings that results in increasing the chances of survival of 
their genes in their offspring and relatives, even at a cost to their own survival 
and/or reproduction 

Kinsey Reports 

two books that represented the first comprehensive, scientific series of studies 
on the sexual behavior of the American population, carried out by Alfred Kin¬ 
sey and students from Indiana University and published in the mid-20th cen¬ 
tury 
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Kleinianism 

theories of psychologist Melanie Klein 

lack of camaraderie 

absence of mentoring or collegiality 

late luteal phase dysphoria 

label given to premenstrual syndrome in the Diagnostic and Statistical Man¬ 
ual of Mental Disorders ( DSM) 

lateralization 

refers to whether certain activities and functions such as speech are confined 
to one half of the brain (more lateralized) or are distributed evenly between 
both hemispheres 

laureates 

individuals who have won the Nobel Prize 

leaky pipeline 

metaphor used to describe the loss of women and minority scientists as they 
progress through the stages of education and up the career ladder 

left-brain thinking 

supposed to emphasize reason, critical thinking, and verbal abilities 

lesbian 

female homosexual or woman loving women 

male-as-norm approach 

androcentrism; man is assumed to be the standard for comparison 

“Marie Curie Strategy” 

deliberate overqualification of women when competing with male counterparts 

masculinist values 

ideas, beliefs, and behaviors associated with men and masculinity such as 
power, money, competition, and control 

maternal discourse 

idea of Sara Ruddick that the practice of motherhood is a discipline that com¬ 
bines preservative love, nurturance, and training 
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mechanization of nature 

Enlightenment notion that the universe and nature function like a machine 

meritocracy 

belief that science and who succeeds in science are based solely on intrinsic 
worth of the ideas and hard work, and not affected by social structures and 
politics 

meta-analysis 

statistical technique that combines the results of a large number of studies 
that address a related research hypothesis 

Middle Ages 

period in European history between classical antiquity (late fifth century) and 
the Renaissance (around 1350); also known as the medieval era 

misogyny 

hatred of or strong prejudice against women 

MIT Report 

A Study on the Status of Women Faculty at the Massachusetts Institute of Tech¬ 
nology released in 1999 documenting that 15 tenured women received lower 
salaries and fewer resources for research than their male colleagues 

“mommy tax” 

loss of income estimated to be around $1 mi llion dollars on a woman’s life¬ 
time earnings from having and rearing a child 

mommy track 

a separate, unofficial, slower career track that many corporations, professions, 
and universities establish for women who leave the workforce to pursue 
childbearing and caregiving and then return; these women are perceived as 
not giving as much time to their careers as men or as women without children 

myth 

a traditional story focusing on the deeds of gods or heroes, often in explanation 
of some natural phenomenon such as the origin of the sun; a false opinion, 
belief, or idea 

natural philosopher 

scientist of the 16th, 17th, or 18th centuries who engaged in objective study 
of nature and the physical universe that preceded modern or natural science 
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natural theology 

attempt to find evidence of God in an intelligent designer without recourse 
to any special or supposedly supernatural revelation 

Nature 

very prestigious, weekly, peer-reviewed journal that covers many areas of 
science 

NGO (nongovernmental organization) 

private institution, independent of the government; usually focuses on a spe¬ 
cific issue or the interests of a particular set of individuals 

niches 

reduced positions in areas outside the mainstream, in which women were 
allowed to excel 

objectify 

treat a living being as if it were an object, denying the person’s feelings, con¬ 
sciousness, and agency 

objectivity 

a neutral, unbiased position that is free of personal values or situations for 
observation of natural phenomena; universally true 

Paracelsian tradition 

use of chemistry, especially mineral therapies, as a new approach to natural 
philosophy and medicine, proposed by Paracelsus and prominent in the late 
16th and 17th century in Europe 

parental investment 

time, effort, and resources that parents put into ensuring that their biological 
offspring survive and reproduce, at the expense of investing in other com¬ 
ponents of fitness 

parietal lobes 

lobes in the brain behind the frontal lobes and above the occipital lobes; in¬ 
tegrate sensory information 

patriarchy 

structuring of the society on the basis of family units in which fathers have 
primary responsibility and rule the welfare of these units; the dominance of 
men over women and reinforcement of that dominance through social and 
cultural institutions 
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“perform gender” 

phrase used by Judith Butler to demonstrate that gender is socially, not bio¬ 
logically, constructed and can be created through what one wears and how 
one acts 

perspective 

viewpoint from which something is understood; scientific perspective is tra¬ 
ditionally associated with objectivity 

phase theory 

developmental scheme that explains how change occurs in curriculum, insti¬ 
tutions, and personal awareness 

phrenology 

19th-century notion that mental functions, character, and personality traits 
could be assessed by measurement of the size and shape of the head 

physiognomy 

19th-century study of the facial features to predict personality traits or in¬ 
telligence 

PI (principal investigator) 

the primary individual who has applied for a grant or award and is respon¬ 
sible for the project 

positivism 

philosophy that the only authentic knowledge is scientific knowledge obtained 
through the strict scientific method using a simple description of sensory phe¬ 
nomena that are verifiable and replicable by observation 

postcolonial 

descriptive of theories in philosophy, film, and literature that grapple with the 
legacy of colonial rule, particularly after the time of European colonization 
of non-White societies, roughly from the late 1940s through the 1960s 

postdoctoral 

after receiving the Ph.D. 

postmodern 

associated with style and form of global late capitalism and seen as super¬ 
seding modernism; questions assumptions of the Enlightenment such as uni¬ 
versality, singular truth, and rational human progress 
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primary sex characteristics 

ovaries in females; testes in males 

“principle of sympathy” 

belief from antiquity that lasted into the 18th century that a disease could be 
expelled if it were transferred from the body to other objects 

psychopathology 

mental illness 

queer 

homosexual or gay 

race 

socially constructed means of dividing people into groups on the basis of var¬ 
ious sets of characteristics and beliefs about common ancestry; these groups 
may share elements of a particular physical appearance or originate from a 
particular location; the construct does not have a biological basis 

radically interdependent 

fundamentally dependent on each other 

“Radium Girls” 

women who painted radium onto the face of watch dials during World War I; 
many developed lip and mouth cancers from ingesting radium by licking the 
tips of the paintbrushes to get a fine line on the watch face 

reciprocal altruism 

one organism provides benefit to another without expecting immediate pay¬ 
ment or compensation but with the expectation that the other will reciprocate 
in the future 

reflexivity 

seeking to understand the limits of one’s own perspective through active ef¬ 
forts to take on the perspective of others 

reify 

turn social relations into a thing; treat an abstraction as if it were a real thing 

relativism 

notion that objectivity and absolute truth do not exist but are influenced by 
the social, political, and cultural contexts of individuals and communities; 
often associated with postmodernism 
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republican motherhood 

idea that women’s innate morality and talents as housekeepers suited them 
for political service as “municipal housekeepers”; 19th-century argument em¬ 
anating from the notion of separate spheres 

research university 

category used by the Carnegie Classification of Institutions of Higher Educa¬ 
tion for universities receiving the highest amounts of federal science research 
funding and graduating the most Ph.D. students 

reverse discrimination 

discrimination against the majority or against those who traditionally had ac¬ 
cess or held certain positions 

right-brain thinking 

supposed to involve emotions, intuitions, creativity, imagination, and mathe¬ 
matical brilliance 

Romanticism 

artistic, literary, and intellectual movement that originated in 18th-century- 
Western Europe during the Industrial Revolution and focused on under¬ 
standing nature and the proper relationship of humans to nature; counter¬ 
movement to the Enlightenment 

Rosie the Riveter 

woman portrayed on a poster used to encourage women to support the war 
effort by working in shipyards and in airplane manufacturing during World 
War II in the United States 

salons 

discussion groups in which intellectual ideas, including science and mathe¬ 
matics, might be considered; often meeting in the homes of wealthy individ¬ 
uals during the 17th and 18th centuries in Europe 

schizophrenia 

severe mental disorder in which the individual experiences periods of hallu¬ 
cinations and being out of touch with reality 

Scholasticism 

the system of thought that integrated philosophy and theology with emphasis 
on dialectical reasoning during the Middle Ages, from 1100 to 1500, especially 
during the 13th century 
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Science 

the very prestigious, weekly, peer-reviewed journal published by the Amer¬ 
ican Association for the Advancement of Science 

Science and Technology Equal Opportunities Act of 1980 

mandated the National Science Foundation to collect and analyze data and 
report to Congress on a biennial basis on the status of women and minorities 
in the science and engineering professions 

scientific racism 

use of scientific data to reinforce notions of inferiority of race and gender to 
justify exploitation, abuse, and maltreatment of targeted individuals 

Scientific Revolution 

change in approach from emphasis on books to observation and experimen¬ 
tation to study the physical, natural world; occurred in the mid-l6th and early 
17th centuries, promulgated by Nicolaus Copernicus and Andreas Vesalius. 

scopolamine 

a drug derived from plants that was combined with morphine and known as 
“twilight sleep” because it induced amnesia; introduced in the United States 
in the 1930s from Germany for use during childbirth in hospitals, it is now 
considered dangerous 

second-wave feminism 

feminist movement beginning in the 1960s focused on gaining equal rights for 
women in all areas of public life 

secondary sex characteristics 

characteristics that develop at puberty such as breasts, beards, and change in 
vocal cords that distinguish the two sexes 

separate spheres 

19th-century belief that men and women were fundamentally different, re¬ 
sulting in women’s superiority in the private sphere of the home and men’s 
superiority in the public sphere 

sex 

biological male or female; biological sex is determined by chromosomal, hor¬ 
monal, internal anatomical, and external anatomical components that are usu¬ 
ally concordant with each other and with the gender, although they need not 
be. For example, usually an individual with a genetic XX will produce more 
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estrogen and progesterone, have ovaries, a uterus, and a vagina and labia, and 
identify as feminine 

sexual inversion 

term for homosexuality used by 19th-century sexologist Havelock Ellis 

sexual orientation 

preference or desire to have sex with individuals of the same sex (homo¬ 
sexuality) or of the opposite sex (heterosexuality) 

situated 

idea that all knowledge, including science, comes from, or is embedded in, 
a particular position or set of social, political, and cultural circumstances 

social construction of science and technology 

idea that social forces may influence all steps of science from questions asked, 
through observation and data collection, to theories and conclusions drawn 
from the data 

social constructivist 

descriptive of a notion that social, cultural, and political forces, as opposed 
to biological forces, underpin a factor 

social epistemology 

a branch of philosophy that describes the social dimensions of knowledge, 
including scientific knowledge, as possessed and enacted by communities, 
not by exceptional individuals 

social identities 

features associated with caring, friendly, and emotional characteristics 

social naturalism 

close observation by philosophers of historical and contemporary science and 
research as actually practiced 

social shaping of technology 

the idea that technology and society co-evolve, with technology as a social 
product developed by human activities and know-how 

sociobiology 

study of the biological bases of behavior 
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sodomy 

all sexual acts other than coital sex between a male and female; homosexual 
male intercourse 

somatoform disorders 

individual complaints of a physical problem in the absence of a medical or 
physical explanation 

standpoint epistemology 

idea that race, class, gender, sexual orientation, and other factors influence 
one’s observation of reality and knowledge, including scientific knowledge; 
those from nondominant positions have a more comprehensive picture of 
reality 

Stanford-Binet test 

popularly known as an IQ test, although originally developed as an indicator 
to predict student success in the classroom 

stem cell research 

research done using primal embryo cells that are capable of division and dif¬ 
ferentiation into a variety of cell types 

Stonewall Riots 

uprising that occurred in Greenwich Village, New York, in 1969 that marked 
the beginning of the gay rights movement 

strong objectivity 

philosopher Sandra Harding’s idea that including multiple relevant perspec¬ 
tives, making the politics behind scientific projects more visible, and using self¬ 
reflexive, transparent methodologies are superior to the supposedly neutral, 
unbiased objectivity traditionally associated with the scientific method 

STS (science and technology studies) 

study of how social, political, and cultural values affect scientific research and 
technology 

subaltern 

used in postcolonial theory to refer to individuals whose class, race, gender, 
and indigenous status have denied them access to education, the law, and voice 
of authority 
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successor science projects 

an approach within the university curriculum that develops theory, methods, 
and topics in science that embrace feminist values and perspectives 

suffrage movements 

movements in late 19th- and early 20th-century Europe and North America 
advocating the right for women to vote 

survival of the fittest 

notion derived from Darwin’s theory of evolution that those best suited to 
the environment will reproduce and their offspring will survive 

tenure 

lifetime employment commitment from a college or university to ensure ac¬ 
ademic freedom; awarded to a faculty member, typically after a six-year trial 
period of proven teaching and research 

teratogenic effects 

birth defects caused by exposure to drugs or other environmental toxins dur¬ 
ing pregnancy 

third-wave feminism 

feminist movement that emerged in the early 1990s that seeks to challenge 
any universal definition of femininity; response to failures of second-wave 
feminism 

Title IX 

part of the Education Acts of 1972 that bans sex discrimination in all federally 
funded education programs 

Title VH 

part of the Civil Rights Act of 1964 that bans discrimination based on sex, 
race, national origin, and religion by all organizations employing 15 or more 
people 

“Top 10” 

one of the top departments in a particular field, usually as determined by Na¬ 
tional Research Council rankings 

transformation model 

a method of changing an institution, curriculum, or structure in phases 
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transgender 

assuming a gender identity that is different or opposite from the biological sex 
without undergoing transsexual surgery—that is, an XX individual assuming 
masculine gender identity 

transsexual surgery 

surgeries undertaken to make the physical appearance of individuals congru¬ 
ent with their socially constructed gender identity 

transvestite 

individuals who cross-dress or wear clothing typically associated with the 
opposite sex/gender in a particular culture 

“two cultures” 

an idea that science and the humanities have very different methods, vocab¬ 
ularies, and communities that have led to a breakdown in communication; 
originally popularized by C. P. Snow in the 1950s 

underdetermination 

the thesis of the philosopher Quine that there is slack between any theory 
and all the evidence for it 

uniformitarianism 

idea propagated by 19th-century geologist Charles Lyell that the natural pro¬ 
cesses operating in the past can be observed operating in the present 

universal 

the idea, first emerging in the Enlightenment, that science is open to all and 
that scientific ideas can be applied to all 

utopia 

an ideal, fictional, positive world 

value freedom 

free from biases or perspectives of individuals or contexts 

vernacular science 

popular understandings of science; lay comprehension; the type of training 
acquired by apprenticeship rather than at the university, such as the training 
of some midwives 
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visuospatial ability 

capacity to visualize a three-dimensional structure from two-dimensional di¬ 
agrams or drawings; important in engineering, architecture, and mathematics 

voice 

form of power given to or constructed by women within relationships that is 
in opposition to the “silencing” of women’s perceptions and perspectives by 
men 

woman question in Marxism 

challenge of the Marxist notion that disappearance of class because of equal¬ 
ity of income distribution would also correct inequities between the sexes 

Yentl syndrome 

based on the movie Yentl in which a woman obtained entrance into exclu¬ 
sively male Jewish culture by dressing and acting like a man; once a woman 
shows she is like a man, she is treated like one 

zines 

abbreviation of the word fanzine that originated from magazine; writings 
and drawings with a magazine-like format published and distributed by 
individuals 
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